





OUTLINHS OF Z00L0(;Y 




OUTLINES OF 


ZOOLOGY 


BY 

J. ARTHUR THOMSON, M.A. 

RFGIUS PKOFl SSOR OF NATURAL HISTORY IN I HL UNIVERSITY OF ABERDEEN, 
JOIN I -AUTHOR OF “the EVOLUTION OF SEX ” , 

AUIIIOK OF “tHF STUDY OF ANIMAL LIFE,” “ I HL SCIENCE OF LIFE,” 

“ THE I'ROGKFSS OF SCIENCE,” “ HEREDITY,’' 

“DARWINISM AND HUMAN I IFF,” FTC 


FIFTH F Dir ION, RhVHFD, IVITH }.20 ILLUSTRATIONS 



NATHAN FASTEN 

dept of zoology 

THE UNIV. OF WlSCOiJSiN 
MADISON, WIS, 


NEW YORK 

D. APPLETON AND COMPANY 


MCMXIII 



\_All Rtghh Rem-ved] 



PREFACE TO THE FIFTH EDITION 


This book is intended to serve as a Manual which 
students of Zoology may use in the lecture room, museum, 
and laboratory, and as an accompaniment to several well- 
known works, cited in the Appendix, most of which 
follow other modes of treatment. 

To numerous authorities I acknowledge an obvious 
indebtedness, a detailed recognition of which would be 
out of place in a book of this kind. I must, however, 
acknowledge that in the preparation of the previous 
edition I had throughout the able assistance of Miss 
Marion Newbigin, D.Sc., and I have also been aided 
by suggestions from various kindly critics, especially 
Professor W. C. MTntosh, Dr, Ramsay Traquair, Dr. 
John Beard, the late Mr. J. *G. Goodchild, Dr. Arthur 
Masterman, Dr. John Rennie, Dr. W. D. Henderson, 
and Mr. E. S. Russell. 

Many new figures have been added, for which I am 
indebted to my artist friends, Mr. William Smith, Miss 
Florence Newbigin, and the late Mr. George Davidson. 
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PREFACE TO THE FIF7H EDITION 


In regaled to the illustrations, I may further say that in 
almost every case they have either been derived from 
original memoirs and works of reference, or drawn from 
specimens. 

J. A. T. 

The University, 

Aberdeen, October 1910, 
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OUTLINES OF ZOOLOGY 


CHAPTER I 

GENERAL SURVEY OF THE ANIMAL 
KINGDOM 

In beginning the study of Zoology, it is natural and useful 
to try to get a bird's-eye view of the '‘Animal Kingdom” 
Without this, one is apt to miss the plan in studying the 
details. But the survey can be of little service unless the 
student has the actual animals in his mind’s eye. 

Vertebrates, or Backboned Animals 

Mammals.— We begin our survey with the animals which 
are anatomically most like man— the monkeys. But 
neither we nor the monkeys are separated by any structural 
gulf from the other four-limbed, hair-beanng animals, to 
which Lamarck gave the name of Mammals. For although 
there are many different types of Mammals— such as 
monkeys and men ; horses, cattle, and other hoofed quad- 
rupeds ; cats, dogs, and bears , rats, mice, and other rodents ; 
hedgehogs, shrews, and moles, and so on — the common 
possession of certain characters unites them all in one 
class, readily distinguishable from Birds and Reptiles 

These distinctive characters include the milk-giving of 
th TmbtEer mammals, the growth of hair on the skin, the 
general presence of convolutions on the front part of the 
braimThe occurrence of a muscular partition or. dmnhr^m 
between the chest and the abdomen, and so on, as we shall 
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afterwards notice m detail. Most mammals are suited for 
life on land, but diverse types, such as seals, whales, and sea- 
cows, have taken to the water. In another direction the 
bats are markedly adapted for aerial life. 

Among the mammalian characteristics of great import- 
ance are those which relate to the bearing of young, and 
even a brief consideration of these shows that some 
mammals are distinguished from otheis by differences 
deeper than those which separate whales from carnivores, 
or rodents from bats These deep differences may be 
stated briefly as follows . — (a) Before birth most young 
mammals are very closely united (by a complex structure 



Fig. I — Duckmole [Ormthorhynchus). 

called the placenta) to the mothers who bear them, {b) But 
this close connection between mother and unborn young 
is of rare occurrence, or only hinted at, in the pouched 
animals or Marsupials, which bring forth their young m a 
peculiarly helpless condition, as it were prematurely, and in 
most cases place them in an external pouch, within which 
they are sheltered and nourished, [c) In the Australian 
duckmole and its two relatives, the placental connection is 
quite absent, for these animals lay eggs as buds and most 
reptiles do. These differences and others relating to 
structure warrant the division of Mammals into three sub- 
classes ' — 

[a] Eutheria, Monodelphia, or Placentals— those m which there ta . 

^Flose (placental) union b etween the unborn and its 

mother, g Ungulates, Garni vofesTl^Tonke^ 


BIRDS. 


(3) Metath eria, Didelphia , oi Maisupi als — ■.the n ietnalmplv lienrmfr. 



Fig 2. — Fhenacodus, a piimitive extinct Mammal. —After Cope. 


Birds. — There can be 
no hesitation as to the 
class which ranks next to 
Mammals. Foi Birds are 
in most respects as highly 




ised by their feather s ahc 
w mgs, ^and mah~"otHeF' 
adaptations forTlightr 
ffieir EISE tem pera ^rep' 
by the f^requentspon^ 
ness and hoIlBwne&?~~^f 

ency to fusion in many 


parts of the ~skeIetQD^ 


m moaern lorms^ oy jtne „ _ , , 

2 — fig 3. — luxtinct moa and modern 
fixedness 5r~tE e__hm^ kwi.-After Cams Sterne. 
amoTneir association with 
numerous air sacs, and so on. 

But here again different grades must be distinguished— (i) There is 
the vast majority — the flying birds, with a breast-bone keel or calrina, to 
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which the muscles used m flight are_j.n part attached (Carin atg^jgl 
theie 13 the small minoiitv oflrun nmg buds (ostiic he s, emu, cassqwaiy, 
I 7 iwi and pxtirict moah with wings mcapa ble~^f 

n^atihefTandTs) there i^an extinct type, ArchcBOpteyyx, with markedly 
feptifian attinities. —— 

Reptiles.— There are no close relationships between 
Birds and Mammals, but the old^ashioned Monotremes 
have some markedly reptilian features, and so have some 
aberrant living birds, such as the Hoatzin and the Tinamou. 
Moreover, when we consider the extinct Mammals and 
Birds, we perceive other resemblances linking the two 
highest classes to the Reptiles. 



Fig. 4 — Crocodiles. 

Reptiles do not form a compact class, but rather an 
a ^mhlflge of classes. In other words, th e types of Reptile 
differ much more widely from on e anotESr than do the 
t^es of Bird or Mammal. ^ ISfowadays there are five dis- 
tinct types . — the crocodilians, the unique New Zealand 
“ lizard ” {Sphenodon), the lizards proper, the snakes, and the 
tortoises. But the number of types is greatly increased 
when we take account of the entirely extinct saurians, who 
had their golden age in the inconceivably distant past 
The Reptiles which we know nowadays are scalv-skinned 
animals ; they resemble Birds and Mammals Trnfavin^g 
during embrvonm l ife two important foetar"mmRSes ” 
(the amnion and the allantdis)'" an dTalo ^^ T f^in g 
they differ fronTlhem In being c oldjblQiQdedd^ .and^in 
mmiv otKerlw^ s 
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Amphibians. — The Amphibians, such as frogs and newts, 
were once regarded— by Cuvier— as naked Reptiles, 
but a more accurate classification has linked them rather to 
the Fishes. Thus Huxley grouped Birds and Reptiles 
together as Sauropsida, Amphibians and Fishes together as 
Ichthyopsida — for reasons which will be afterwards stated. 
Amphibians mark the transition from aquatic life, habitual 



Fig. 5 — Salamander, an Amphibian 


among Fishes, to terrestrial life, habitual among Reptiles ; 
Tor while almost all Am^ibians^ave gills— in the iZymith 
al least— all the adults have lungs, and s~ome retain the gills 
as^ell. liThaving hmbs which are fingered and toed, and 
thus very different from fins, they lesemble Reptiles. But 
the two foetal membranes characteristic of the embryonic life 
of higher Vertebrates are not present in Amphibian embryos, 
and the general absence of an exoskeleton in modern forms 
IS noteworthy. 

Fishes. — The members of this class are as markedly 
adapted to life in the water as birds to life in the air. The 
very muscular posterior region of the body usually forms 



Fig 6. — Queensland dipnoan (Ceraiodiis). 


the locomotor organ, and we say that a fish swims by 
bending and straightening its tail. The limbs have the 
form of paired fins — that is, they are limbs without digits. 
There are also unpaired median fins supported by fin rays. 
All have permanent gills borne by bony or gristly arches. 
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There is an exoskeleton of scales, and the skin also bears 
numerous glandular cells and sensory structures. 

In many ways Fishes are allied to Amphibians, especially 
if weTnc Iu 5e"among Fishes thre e" peculiuFf&jns,^^r^ 
Dipnoi, which sho w the beginning of a three -ch ambered 
EeartT^dTTiave a lung as weri_^ gillsT Ordinary 
have a two^Talnbei^ heart, "containing only impure blood, 
which is driven to the gills, whence, purified, it passes 
directly to the body. 

Apart from the di\ergent Dipnoi, there are two great oideis of 
Fishes — the caitilagmoiis Elasmobranchs, such as shark and skate ; 
and the Teleosteans or bony fishes, such as cod, heiring, salmon, eel, 
and sole. There are several smaller orders of great importance, some 
of which, eg the sturgeons, are often called ‘^Ganoids 

Primitive Vertebrates. — Under this t itle we include — 
( i) the Rou ndmouths or Cyc lpstomaBrpt^ ^ TancelHs 
or Cephalochorda, "(jyThe Tunicates, "some oFw HIdr'are 



Fig. 7 — A lancelet, Amphtoxu ’;, — After Haeckel. 


called sea-squirts ; and ( 4 ), with much hesitation, several 
strange^ forms, ' especially Bala nog/ossus, which ex Eibit' 
stru pture s__s.ugge5tiv e of affinity with VertehratesT ^ 

The Cyclostomata, represented by the lamprey {Petro- 
myzon) and the hag {Myxvie)^ and some other forms, 
probably including an interesting fossil known as Palmo- 
spondylus, are sometimes ranked with fishes under the title 

pave no definitely developed 


jaws, no paired fins, ng s^les, and aij^mToI^^ more 
primitive. 

The lancelets or Cephalochorda are even simpler in their 
general structure (see Fig. 7 ). Jhus there is an absence 
^Imibs, siafiinaw s, well^efmed brain l lESrtrandrio^ 
oIHer~stru5:u res. ~ The •^rt3)ral column is represented by 
an~ unseg mSited~(o i unvertebrated) rod. calle^iEE e^ noto- 
3iord7^hncF in Ingher animals^(e3mept Cyclo^stonies aj d 
some"Trshes) IS a transitoy em bryonic -or^n afterwards 
replaced by the backbone^ 
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The Tunicata or Urochorda are remarkable forms, the 
majority' or"w!Tir±r^generate after larval life (Fig. 8). 
In the larv^ of all, and in a few adults which are neither 
peculiarly specialised nor degenerate, we recognise some of 
the fundamental characters of Vertebrates. Thus there is a 
dorsal supporting axis (or notochord) m the tail region, a 
dorsal nervous system, gill - clefts 
opening from the pharynx to the 
exterior, a simple ventral heart, and 
so on. 

Of JBalano^lossus_ and its allies 
(Hemichorda or Enteropneusta) it is 
still difficult to speak with confidence 
The possession of gill -clefts, the 
dorsal position of an important part 
of the nervous system, the occurrence 
of a short supporting structure on 
the anterior dorsal surface of the 
pharynx, and other features, have led 
many to place them at the base of 
the Vertebrate series. 

Characteristics of Vertebrata —At 
this stage, having reached the base of the 
Vertebrate senes, we may seek to define a Fig. 8. — Ascidian or 
Vertebrate animal, and to contrast it with sea - squirt. — After 
Invertebrate forms Haeckel. 

The distinction is a veiy old one, for 
even Aiistotle distinguished mammals, buds, reptiles, amphibians, 
and fishes as “^blood-holding,” from cuttle-fish, shell-bearing animals, 
crustaceans, insects, etc , which he regarded as "bloodless.” He was, 
indeed, mistaken about the bloodlessness, but the distinctiveness of the 
higher animals first mentioned has been recognised by all subsequent 
naturalists, though it was first precisely expressed in 1797 by Lamarck. 

Yet It is no longer possible to draw a boundary line between Verte- 
brates and Invertebrates with that firmness of hand which characterised 
the early or, indeed, the pre-Darwmian classifications. We now 
know — (i) that Fishes and Cyclostomata do not form the base of the 
Vertebiate senes, for the lancelets and the Tunicates must also be in- 
cluded m the Vertebrate alliance ; (2) that Balanoglossits, Cephalodisats^ 
and some other forms, have several Vertebiate-like character istics ; 
(3) that some of the Invertebrates, especially the Chretopod worms, 
show some hints of affinities with Vertebrates The limits of the 
Vertebrate alliance have been widened, and though the recognition of 
their chaiacteristics has become more definite, not less so, the apartness 
of the sub-kingdom has disappeared. 
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It does not matter much whethei we lelam the familiar title Verte- 
biata, or adopt that of Chordata provided that we recognise~( I ) that 
it IS among Fishes first that separate vertebral bodies appear in the 
supporting doisal axis of the body , ( 2 ) that, cis a cha.racter?stiCj the 
backbone is less important than the notochord, which precedes it in 
the history alike of the lace and of the individual. Nor need we 
object to the popular title backboned, if we recognise that the adjective 
bony IS first applicable among hishes, and not to all of these. 

The essential characters of Vertebiates may be summed up in the 
following table, wheie they are contrasted, somewhat negatively, with 
what IS true of Inverlebrates • — 


‘ B^ckboneless,” Invertebrate 
OR Non-Chordate 


‘ Backboned,” Vertebrate 
OR Chordate 


If there is a nerve-cord, it is ventral 
No internal dorsal axis 

N o gill-slits 

The eye is usually derived directly from 
the skin 

The heart, if present, is dorsal 


The central nervous system—hrain and 
spinal cord — is dorsal and tuhdar 
There is a doisal suppoiting axis or 
notochord, which is in most cases 
replaced by a backbone 
Gill-shts or visceral clefts open fiom the 
sides of the pharynx to the exterior 
In fishes, and at least young amphi- 
bians, they are associated with gills, 
and are useful m respiration , in 
higher forms they are transitory and 
functionless, except when modified 
into other structures 
The essential parts of the eye are formed 
by an outgrowth from the brain 
The heart is ventral 


Invertebrates, or Backboneless Animals 

Molluscs — If we take the concentration of the nervous 
system as a useful criterion, the highest backboneless 
animals are the Molluscs. This series of forms includes 
Bivalves, such as cockle and mussel, oyster and clam , 
Gasteropods, such as snail and slug, periwinkle and whelk ; 
Cephalopods, such as octopus and pearly nautilus. 

Unlike Vertebrates, and such Invertebrates a s Insects 
and Crustaceans, Molluscs are without s egments"~aj^ 
witho ut apDendaefes. A muscular protrusion o f the ventral 
su^ce,Tmowi^^ m th e majori t v as an 

organ^ loco motion. In most ca ses a single or do uhlp 
TolaoTl kinTT ITred tE e "Tnahtle?^ makes" a pr otectiv e shell. 
'pm^irnGuTsystem has three chief pair^ of nerve ce ntres 
6F"gah^ia . there'' “are ' vEy“ cHaractenstic 

free-s wimming larvakHt agesr - - — — — ■“ 
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Fig. 9 — Cephalopod (papei nautilus, female) 

Arthropods. — This large series includes Crustaceans, 
Mynopods, Insects, Spiders, and other forms, which have 
segmented bilateral^ ^sym metric al bgdi es and lointecL, 




Fig. 10. — Fresh-water crayfish Fig. ii. — a, Caterpillai ; 

(As^acus)^ a Crustacean. — pupa, c, butterfly 

After Huxley. 
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appendag;es. The skin produces an external, not-living 
cuticieTme organic part of which is a substance called 
chitin, associated in Crustaceans with carbonate of 
lime The nervous system con- 
sists of a dorsal brain, connected, 
by a nerve -ring around the 
gullet, with a ventral chain of 
ganglia. 

Echinoderms. — This is a well- 
defined series, including star-fishes, 
brittle-stars, sea-urchins, sea-cucum- 
bers, and feather - stars. The 
symmetry of the adult is usuajlj' 
mdial,_ tho pgfi'~l Kat^ of jhe Jarya . is 
Fig 12 —Spider bilateral A pec uliar system, known 
as th e _.wato - vascular"‘'syg t^!^ ^ 
charact e ristic, and i s turned , to various “uses, ^as'’ ^! 
locomotio n and respiration, There is a marked tend- 
ency to deposition of lime in the tissues. The develop- 
ment is strangely circuitous or ‘‘indirect.” 

Segmented “worms.’' 

— It is hopeless at 
present to arrange with 
any definiteness those 
heterogeneous forms to 
which the title “ worm ” 
is given. For this title 
13 little more than a 
name for a shape^ 
assumed by animals of 
varied nature who be- 
gan to move head 
foremost and to acquire 
sides. There is no 
class of “worms,” but 

an assemblage a mob — Cnnoid or feathei-star. 

— not yet reduced to 

order. It seems useful, however, to separate those which 
are ringed or segmented from those which are unsegmented. 
The former are often called Annelids, and include two chief 
classes : — 
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( ^ ) Ch^tQLQ oda or Bristl6-foot6d wor ms^ e g. ea.rthwprm 
a nd lo&^ro r m ^ a nd ( 2 } Hirudinea or Leeche^^ 



Fig 14 — Eaithwoim 


Unsegmented ‘ ‘ worms. ” — These differ from the h igher 
‘ Svorms^^ in the absence of t^^egm enlrand[Ipp€n d 
aprfesj mlB le^erQ in the iriG ilate ral symr ^rj r. There is 
a motley lot —-the free-living Turbellarians or Planarians^ 
the paiasitic Trematodes or Flukes ^ the parasitic Cestodes 
or Tape- worms , the Nemer- 
teans or Ribbon -worms ^ the 
frequently parasitic Nematodes 
or Thread-worms^ and several 
smaller classes. 

As to some other groups, 
such as the sea-mats (Polyzoa 
or Bryozoa), the lamp-shells 
(Bracbiopoda), the worm-like 
Sipunculids, and the wheel- 
animalcules or Rotifers, we 
must confess that they are still 
incertcB sedis 

But the general fact is not 
without interest, that in the midst of the well-defined 
classes of Invertebrates there lies, as it were, a pool from 
which many streams of life have flowed, for among the 
heterogeneous “worms” we may find in diverse types 
affinities with Arthropods, Molluscs, Echinoderms, and 
even Vertebrates 

Contrast of Ocelomate and Coelenterate. — At this stage 
we may notice that m all the above for ms the, typical sYmmetry 
EnaternTTir^^ tlie su^rficial ladial synimetry belo ngs 

pnTy^ th e adults! ; th a t m most types a b ody cavity or coelom 
BleveTopeTp t hat the embryo co nsists of three germin al la yers ^external 



Fig. 15. — Bladdemorm stage 
of a Cestode. — Aftei Leuckart 

a. Early stage with head inverted. 
Later stage with head everted. 
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ectoderm oi^ epiblast, mtenial en<^derm oi hy£oblast lining the gi^ 
and_a median jnesoderm oi mesoblast lining the body ca vht’sT In the 
next two classes (Coelenteia and Sponges) the conditions aie diffeient 
as may be expiessed in the following table — 


HiGHFK AnIMAI S (CcLI OM 4.1 a) 


Sponges and Ccdlentlra 


There is no body cavity Theie is but 
one ca\ity, that of the food canal 


Evcept in ctenophores, there is no 
definite middle lajei of cells (meso- 
derm), but rather a middle jelb 
(mesogloea)j and the enibrjo is 
diploblastic 

The radial symmetr;^ of the gastrula 
emb;jro is usually retained in the 
adult, and the longitudinal (oral- 
aboral) axis of the adult corresponds 
to the long avis of the gastrula 


Theie is a body cavity or coelom be- 
tween the food canal and the bod;^'- 
wall But this IS often incipient, oi 
degenerate 

There is a distinct middle layei of cells 
(mesoderm) between the external 
ectoderm and the internal endo- 
derm The embryo is tiiploblastic 

The adults aie usually bilateial, in some 
cases asymmetiical, in echinoderms 
superficially i adial 


Coelentera. — This series includes jelly-fishes, sea-anemones, 
corals, zoophytes, and the like, most of which are equipped 



Fig 1 6 .— Sea-anemones on back of heimit-ciab 
— After Andies 


with stinging cells, by means of which they paralyse their 
prey. All but a few are marine The body may be a 
tubular polyp, or a more or less bell-like “medusoid,^’ and 


PORIFERA. 


n 


in some cases the two forms are included m one life cycle 
Budding IS very common, and many of the sedentary forms 
corals’’ — have shells of lime 

Porifera — S ponge s, or Ppnfexaj_ are the^sunplest many- 
celled animals. In the simplest forms, the body is ~ a 
tubular, twqdayere^^ac, jvvith numerous inhalant "pores By 
whlch water _passes in^with 'a cehtral^cavity by ceUs 

bearing^ ^Sishes or flagella, an d with an exb^nt aperture. 
BuT Budding, folding, and other complications ”arise,^and 
there is almost always a skeleton, calcareous, siliceous, or 

horny.” Apart from one family (Spongillidse), all sponges 
are marine. 

Contrast of IMetazoa and Protozoa.— All the animals hitherto 
mentioned have f?odtes built up of many cells, ^ but there are other 
animals, each of which consists of a single cell. These simplest animals 
are called Piotozoa 

Every animal hitherto mentioned, from mammal or bird to sponge, 
develops, when leproduction takes its usual course, from a fertilised 
egg- cell This egg-cell or ovum divides and redivides, and the 
daughtei cells cohere and are diffeientiated to form a ‘‘ body.” But 
the Protozoa foim no *^body”; they remain (with few exceptions) 
single cells, and when they divide, the daughter cells almost invariably 
go apart as independent organisms, 

Plere, then, is the greatest gulf which w’e have hitherto noticed — 
that between multicellular animals (Metazoa) and unicellular animals 
(Piotozoa) But the gulf was bridged, and traces of the bridge remain. 
F or — {a) there are a few Protozoa which form loose colonies of cells, 
and (S) there are a few multicellular animals of great simplicity. 

Protozoa — The Pro- 
tozoa remain single cells, 
with few exceptions. Thus 
they form no “ body ” , 
and necessarily, therefore, 
they have no organs in 
the ordinary sense. They 
illustrate the beginnings of 
sexual reproduction, and 
they are not subject to 
natural death in the same 
degree as Metazoa are 
The series includes — 

i A cell may be defined as a unit corpuscle or unit area of living 
mattei, typically controlled by a single nucleus. 



Fig 17 — Fossil Foramimfera 
(Nummulites) in limestone — 
After Zittel 
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(a) Rhizopods, with outflowing thieads or piocesses of living mattei, 
e ^ the chalk -foiming Foiaminifera (Fig. 17) 

{d) Infusoiians, with actively moving lashes of living matter. 

G) Sporozoa, paiasitic foims, usually without eithei lashes 01 out- 
flowing processes. 


JVo^e on Classijicatiofi. 

We always gioup together in our mind those impicssions which 
aie like one another. In this lies the beginning of all classiflcation, 
whether that of the child, the savage, 01 the zoologist hoi theie aie 
many possible classihcations, vaiying accoiding to then purpose, 
accoiding to the points of similaiity winch have been selected as 
impoitant. Thus we may classify animals accoiding to their habitats 
or their diet, without taking any thought of their structuie 

But a stiictly zoological classification is one which seeks to show the 
blood-1 elationships of animals, to group together those whose affinities 
are shown by their being like one another m aichitectine 01 structuie 
It must, therefore, be based on the results of comparati\e anatomy — 
technically speaking, on “ homologies,” 2 e resemblances in funda- 
mental stiucture and in mode of development Whales must not be 
lanked with fishes, nor bats with buds 

To a classification based on stiuctural lesemblances, two couoboia- 
tions aie of value, from embiyology and from paleontology. On the 
one hand, the de\elopment of the foims m cpiestion must be studied . 
thus no one dieanied that a Tunicate was a Veitebiate until its life- 
histoiy was worked out On the othei hand, the past histoiy must be 
inquired into • thus the affinity between Buds and Reptiles is confiiined 
by a knowledge of the extinct forms 

In classification it is convenient to recognise ceitain giades 01 degices 
of resemblance, which are spoken of as species, geneia, families, oidcis, 
classes, and so on. 

To give an illustiation, all the tigers aie said to form the species 
Fehs of the genus Feh^y in the family Fehdre, in the ordei 

Cainivora, within the class Mammalia The lesemblances of all tigeis 
are exceedingly close , well marked, but not so close, aie the resem- 
blances between tigeis, lions, jaguars, pumas, cats, etc , which foim 
the genus Fehs ; broader still are the lesemblances between all membeis 
of the cat family Fehdm , still widei those between cats, dogs, bears, 
and seals, which foim the older Caimvoia; and lastly, theie aie the 
general resemblances of structuie which bind Mammals togcthei m 
contiast to Birds or Reptiles, though all are included in the "senes or 
phylum Vertebiata 

It must be understood that the real things are the individual animals, 
and that a species includes all those individuals who resemble one 
another so closely that we feel we need a specific name applicable to 
them all. And as resemblances which seem important to one natuiahst 
may seem trivial to others, there aie often wide diflerences of opinion as 
to the number of species which a genus contains. 

But while no rigid definition can be given of a species, certain 
common-sense considerations should be borne in mind — 
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I. No natuialist now believes, as Lmnceus did, m the fixity of species ; 
we believe, on the contiary, that one form has given use to anothei 
At the same time, the common chaiacteiistics on the stiength of which 
we deem it wauantable to give a name to a gioup of individuals, must 



Fig. 1 8 — Diagiammatic expression of classification in a 
genealogical tree B indicates possible position of Balano- 
glossus, D of Dipnoi, S of Sphenodon or Hattena. 


not be markedly fluctuating The specific characters should exhibit 
a certain degree of constamy fi'om one generation to anothei . 

2. Sometimes a minute chaiacter, such as the shape of a tooth or the 
marking of a scale, is so constantly characteiistic of a group of indi- 
viduals that It may be safely used as the index of more important 



1 6 GENERAL SURVEY OF THE ANIMAL KINGDOM. 


chaiacteis On the other hand, the dutinchon between one species and 
another should always be greater than any difference between the 
members of a family (using the word family here to mean the piogeny 
of a pair) Foi no one would divide mankind into species according to 
the coloui of eyes or hair, as this might lead to the absurd conclusion 
that two biothers belonged to different species. Thus it is often doubly 
unsatisfactory when a species is established on the strength of a single 
specimen — [a) because the constancy of the specific chaiacter is undeter- 
mined , [h) because the variations within the limits ofjiia^family have 
not been observed Indeed, it has happened that oi^^^^^has been 
made out of a male, and another out of its male f f 

3. Although cases are known where members species 

have paired and brought forth fertile hybrids, this is^!!|r^ual The 
members of a species are fertile inter se, but not usually with members 
of other species In fact, the distinctness of species has laigely depended 
on a restriction of the range of fertility. 


Tabular Survey.— Future Reference) 

METAZOA CHORDATA 


Mammalia 


Aves 


Reptiha 


Amphibia 


Pisces 


TEutheria 
} 


iviecatnena Marsupials 
l^Prototliena Monotremes Oviparous 
f Cannatae Keeled flying birds 
J Odontolcffi Extinct toothed birds 
I Ratitae Keel-less running birds 
[Extinct reptile-like birds 
Xrocodilia Crocodiles and alligators. 
Ophidia Snakes 
Lacertilia Li/ards 
Rhynchocephalia S^henodon 
Chelonia Tortoises and turtles 
^Extinct Classes 

( Anura. Tail-less frogs and toads 
Urodela Tailed newts 
4 Gymnophiona, Cesciha 
Labynnthodonts and other extinct 
V. Amphibians. 

{ Dipnoi. Mud’flshes 
Teieostomi Bony fishes, etc 
Elasinobranchii Cartilaginous fishes ] 

Cyclostomata {Myxme\ and Lamprey 

t {Feiromyzon) 

Cephalochord X A mphwxtts 

Urochorua Tunicates 

Hemicijorda Bctlanoglossus^ Cephalodisc^s^ 


S 5 
S S 


S'S 


2 ^ 
9 « 
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METAZOA NON-CHORDATA 


Mollusca 


/ Cephalopoda Cuttle-fishes 
Gasteiopoda Snails 
I Lamellibranchiata Bivalves 

LTwo smaller classes — Scaphopoda and Solenogastres. 


Arthropoda 


TArachnoidea Spiders, scoipions, mites 
Insecta 

Myriopoda Centipedes and millipedes. 

- Prototracheata Perijtaiu^ 

Crustacea 

Palseostraca — Trilobites, Plui-yptends, and King-crabs 
^Some smaller classes 


Echinoderma 


Cnnoidea Feather-stars (Cystoids and Blastoids, extinct ) 
Ophiuroidea Brittle-stars 
Asteroidea Star-fishes 
Erhmoidea Sea-urchins 
, Holothuroidea Sea-cucumbeis 


“ Worms ” 


'' Chaetopoda Bristle worms 
Discophora Leeches 
Some smaller classes 


1 Annelids or 
C Annulata 


( Brachiopoda Lamp-shells 
•j Polyyoa, Sea-mat (A 
I Sipunculoidea, i£ i,iptinculus 

1 Nematoda Thiead woims 
Acanthocephala 
Nemertea Ribbon-worm« 
Rotifera Wheel-animalcules 


I r Cestoda Tape-worms 

Trematoda Flukes | Platyhelminthes 

V (.Turbeliaria Plananans j 


Ccb LEXTER A 


POKIFERA. 


Ctenophora, eg- Beroe 

Actmo/oa or Anthoroa Sea-anemones Alcyonanans and ic- 
lated corals 

Scyphomedus?e or Acraspeda Jelly-fishes 
• Hy dro/oa Zoophytes and medusoids 

Sponges Calcareous and non-calcareous 


PROTOZOA 

Infusoria Rhizopoda Sporozoa 
Simplest forms of animal life. 


2 





CHAPTER II 
THE FUNCTIONS OF ANIMALS 
(Physiology) 

Most animals live an active life, in great part ruled by the 
two motives of love and hunger m their widest sense ; they 
are busy finding food, avoiding enemies, wooing mates, 
making homes, and tending the young. These and other 
forms of activity depend upon internal changes within the 
body. Thus the movements of all but the very simplest 
animals are due to the activity of contractile paits known 
as muscles, which are controlled by nervous centres and by 
impulse-conducting fibres, and the energy involved in these 
movements, and in most other vital activities, is supplied 
by the oxidation or combustion of the complex carbon- 
compounds which form a substantial part of the various 
organs. 

The w^ork done means expenditure of energy, and is 
followed by exhaustion (muscular, nervous, etc.), so that 
the necessity for fresh supplies of energy is obvious. This 
recuperation is obtained through food, but before this can 
restore the exhausted parts to their normal state, or keep 
them from becoming, in any marked degree, exhausted, it 
must be rendered soluble, diffused throughout the body, 
and so chemically altered that it is readily incorporated 
into the animal’s substance. In other words, it has to be 
digested. A fresh supply of oxygen and a removal of waste 
are also obviously essential to continued activity. 

We may say, then, that there are two master activities in 
the animal body, those of muscular and those of nervous 
parts. To these the other internal activities — digestion, 
respiration, excretion, and the like — are subsidiary. 
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Besides the more or less constantly recurrent activities or 
functions, there are the processes of growth and repro- 
duction. When income exceeds expenditure in a young 
animal, growth goes on, and the inherited qualities of the 
organism are moie and more perfectly developed. At the 
limit of growth, when the animal has reached ‘‘maturity,” 
it normally reproduces — that is to say, liberates either parts 
of itself or special germ-cells which give rise to new 
individuals- 

Living and not living — Although no one is wise enough 
to tell completely what is meant by the simple word alive, it 
IS safe to say that active life involves the following facts — 
(a) The living organism grows at the expense of material 
different from itself, while the crystal — one of the few not- 
living things which can be said to grow — increases only at 
the expense of material chemically the same as itself. 

{b) The living organism is subject to ceaseless chemical 
change (metabolism), and yet it has the power of retaining 
its integrity, of remaining more or less the same for prolonged 
periods The physical basis of life invariably includes com- 
plex compounds known as proteids., built up chiefly of 
Carbon, Hydrogen, Oxygen, and Nitrogen, and these are 
continually being broken down and made anew 

{c) The living organism resembles an engine, in being a 
material system adapted to transform matter and energy 
from one form to another but it is a self-stoking, and, 
within limits, a self-repairing engine, and it is able to do 
what no engine can effect, namely, reproduce. From a 
physical standpoint it differs from an inanimate system in 
this, that the transfer of energy into it is attended with 
effects conducive to further transfer and retardative of 
dissipation, while the very opposite is true of an inanimate 
system. 

(i) A living creature is a more or less perfect integrate^ 
it has a unified behaviour, it gives efi^ective response to 
external stimuli. 

(e) A living organism exhibits five everyday activities — 
contractility (the power of movement), irritability (the 
power of feeling in the wide sense), nutrition or utilisation 
of food, respiration, and excretion, besides the periodic 
activities of growth and reproduction. 
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Division of labour. — All the ordinary functions of life 
are exhibited by the simple unicellular animals or Protozoa 
Thus the Amueba moves by contracting its living substance, 
draws back sensitively from hurtful influences, engulfs and 
digests food, gets iid of waste, and absoibs oxygen 

But all these activities occui in the Amoeba within the 
compass of a unit mass of living mattei — a single cell, 
physiologically complete in itself 

In all other animals, from Sponges onwaids, there is a 
body ” consisting of hundreds of unit aieas or cells A cell 
is a unified aiea of living matter almost always with a definite 
centre or nucleus. It is impossible for these cells to remain 
the same, for as they inciease in numbei they become 
diversely related to the outer world, to food, to one another, 
and so on. Division of labour, consequent on chveisity of 
conditions, is thus established in the oiganism In some 
cells one kind of activity predominates, in otheis a second, in 
otheis a third. And this division of labour is associated with 
that complication of structure which we call differentiation 
Thus in the fresh-watei Hydra, which is one of the 
simplest many-celled animals, the units aie arranged in 
tw^o layers, and form a tubular body Those of the outei 
layer are protective, nervous, and muscular, those of the 
inner layer absorb and digest the food, and are also musculai 
In worms and higher organisms, theie is a middle layer 
in addition to the other two, and this middle layer becomes, 
for instance, predominantly muscular Moieover, the units 
or cells are not only arranged in strands or tissues, each 
with a predominant function, but become compacted into 
well-defined parts or organs. None the less should we 
remember that each cell remains a lining unit, and that, m 
addition to its principal activity, it usually retains otheis of 
a subsidiary character. 

Plants and animals. — Before we give a sketch of the 
chief functions in a higher animal, let us biiefly consider the 
resemblances and differences between plants and animals. 

(a) Resemblance i7i fimctwri, — The life of plants is 
essentially like that of animals, as has been recognised since 
Claude Bernard wrote his famous book, Phenomhies de la 
vte communs aux amwaux et aux vegefanx. The beech- 
tree and grows, digests and breathes, as really as does 
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the squirrel on its branches. In regard to none of the mam 
functions (except excretion) is there any essential difference 
Many simple plants swim about actively ; young shoots and 
roots also move ; and there are many cases in which even 
the full-giown parts of plants exhibit }noveme?it. IMoreover, 
the tendrils of climbeis, the leaves of the sensitive plant, the 
tentacles of the sundew, the stamens of the rock-rose, the 
stigma of the musk, and many other plant structures exhibit 
marked sensttweness. 

{b) Resemblance in structure . — The simplest plants (Pro- 
tophyta), like the simplest animals (Protozoa), are single cells , 
the higher plants (Metaphyta) and higher animals (Metazoa) 
are built up of cells and various modifications of cells. In 
short, all organisms have a cellular structure. This general 
conclusion is part of the Cell Theory or Cell Doctrine 
(1838). 

(c) Resemblance in developvmit. — When we trace the 
beech-tree back to the beginning of its life, we find that it 
arises from a unit element or egg-cell, which is fertilised by 
intimate union with a male element derived from the pollen- 
gram. When we trace the squirrel back to the beginning 
of its life, we find that it also arises from a unit element or 
egg-cell, which is fertilised by intimate union with a male 
cell or spermatozoon. Thus all the many-celled plants and 
animals begin as fertilised egg-cells, except in cases of 
virgin birth (parthenogenesis) or of asexual reproduction. 
From the egg-cell, which divides and redivides after fertilisa- 
tion, the body of the plant or animal is built up by con- 
tinued division, arrangement, and modification of cells 

Co7itrasts. — But while there is no absolute distinction 
between plants and animals, they represent divergent 
branches of a V-shaped tree of life. It is easy to distinguish 
extremes like bird and daisy, less easy to contrast sponge 
and mushroom, well-mgh impossible to decide whether 
some very simple forms, which Haeckel called “ Protists,” 
have a bias towards plants or towards animals. We cannot 
do more than state average distinctions. The food which 
most plants absorb is cruder or chemically simpler than that 
which animals are able to utilise. Thus most plants derive 
the carbon they require from the carbon dioxide of the air, 
while only a few (green) animals have this power ; all the 
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Others depend for their carbon supplies on the sugar, starch, 
and fat already made by other animals, or by plants. As 
regards nitrogen, most plants take this from nitrates and 
the like, absorbed along with watei by the roots , wheieas 
animals obtain their nitrogenous supplies from the complex 
pioteids formed within other organisms. Most plants, 
therefore, feed at a lower chemical level than do animals, 
and it is characteristic of them that, in the reduction of 
carbon dioxide, and in the manufacture of starch and 
proteids, the kinetic energy of sunlight is transformed by 
the living matter into the potential chemical energy of 
complex foodstuffs Animals, on the other hand, get their 
food ready made ; they take the pounds which plants have, 
as it were, accumulated m pence, and they spend them. 
For It IS characteristic of animals that they convert the 
potential chemical energy of foodstuffs into the kinetic 
energy of locomotion and other activities In short, the 
great distinction — an average one at best — is that most 
animals are moie active than most plants. 

Chief functions of the animal body. — We have seen that 
there are two master activities in animals, those of muscular 
and of nervous structures, and that the other vital processes, 
always excepting growth and reproduction, are subservient 
to these. Let us now consider the various functions, as 
they occur in some higher organism, such as man. 

Nervous activities — Life has been described as consisting 
of action and reaction between the organism and its en- 
vironment, and it is evident that an animal must in some 
way become aware of surrounding influences 

The unit m nervous reaction m any highly organised 
animal is the reflex. It requires three structures, a receptor 
(end-organ), a conductor., and an eflpector (muscle). The 
conductor consists of two or more nerve cells or neurones 
which span the distance between receptor and effector by 
means of their long processes. Stimulation of the receptor 
causes a nervous impulse to be transmitted along the 
conductor to set the effector m action. The whole nervous 
system is essentially a connected senes of such reflex-aics, 
all intricately joined up with one another. 

There are two chief kinds of stimuli which are transmitted 
to the central nervous system — stimuli from without the 



Some Protozoa and para- I They feed on more or less solid They absorb soluble food ^ 

sites simply absorb I food j 

Some green Protozoa They obtain the requisite carbon They obtain the requisite carbon i Carnivorous plants, Fungi, 
(etc 9) seem to be able to J from starch, sugar, fat, etc , made by from carbon dioxide in the air or dis- | and some parasites, find 


CHARACTERISTICS OF PLANTS AND ANIMALS. 





26 


THE FUNCTIONS OF ANIMALS 


body, which make the organism awaie of changes in its 
enviionment ; and stimuli from within the body, which 
make it aware of the dispositions of its organs, eg, the 
stimuli transmitted by the affe?'ent neivcs of the muscles, 
tendons, etc 

The chief functions of the nervous system aie, then, to 
make the animal aware of its enviionment and to co- 
ordinate and integrate all its bodily functions and activities 

As we ascend m the scale, we find that in addition the 
brain possesses, to an increasing extent, the power of 
correlating present and past experiences, and of originating 
or inhibiting action in accordance with this correlation. 

In \vhatc\ei pait theic is actnily, theic is necessaiily waste of 
complex substances and some degiee of exhaustion , and it is 
mteiestmg to notice, as a tuumph of histological technique, that 
Hodge, Gustav yiann, and oLheis have succeeded in demonstiating in 
neive cells the sliuctuial icsults (celluiai collapse, etc ) of fatigue, and 
that in such diveise types as bee, fiog, biid, and dog. 

Muscular activity — The movements of a unicellular 
animal are due to the contractility of the living matter, oi 
of special parts of the cell, such as lashes or cilia. In 
sponges specially contractile cells begin to appear ; in most 
higher animals such cells are aggregated to foim the muscles. 

A piece of typical muscle consists of numerous fine 
transparent tubes or fibres, each invested by a sheath or 
sarcolemma, while the whole muscle is sui rounded by 
connective tissue. It usually runs from one part of the 
skeleton to another, and is fastened to the skeleton by 
tendons or sinews It is stimulated by motor nerves, and 
is richly supplied with blood. 

When a muscle contracts, usually under a stimulus 
propagated along a motor nerve, there is of course a 
change of shape — it becomes shorter and broader. The 
source of the energy expended in work done is the 
“chemical explosion'’ which occurs in the fibres, for the 
oxygen stored up (intramolecularly) m the muscle enters 
into rapid union with carbon compounds. Heat, COg, and 
water are produced as the result of this combustion, and 
lactic acid is also formed as a by-product. Besides the 
chemical change and the change of shape, there ar^ also 
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changes of '‘electric potential” associated with each con- 
ti action 

Digestion — The energy expended in doing work or in 
giowih IS balanced by the potential energy of the food- 
stuffs taken into the body. These consist of proteids, 
caibohydrates, fats, water, and salts, in varying proportions 
according to the diet of the animal 

In some of the lower animals, such as sponges, the food 
particles aie duectly engulfed by some of the cells with 
which they come in contact Within these cells they are 
dissolved . this is known as intracellular digestion. In 
most cases, however, the food is rendered soluble and 
diffusible within the food canal^ by the action of certain 
feiments made by the cells which line the gut or form the 
associated glands The gieat peculiarity of these ferment- 
ing substances is that a small quantity can act upon a large 
mass of material without itself undergoing any apparent 
change But however digestion be effected, it means 
making the food soluble and diffusible. In a higher 
vertebrate there are many steps m the process. 

(tz) The fast feiinent to aftcct the food, masticated by the teeth and 
moistened by the saliva, is the ptyalin of the saluai} juice, which 
changes starch into siigai The juice is foimed 01 secieted by vaiioiis 
sahvaiy glands around the mouth 

(/;) The food is swallowed, and passes down the gullet to the stomach, 
wheie it IS mixed with the gastiic juice secieted by glands situated in 
the walls These walls aie also muscular, and then contractions chum 
the food and mix it with the juice. In the juice there is some free 
hydiochloiic acid and a feiment called pepsin these act together m 
tinning proleuls into peptones. The juice has also a slight solvent 
effect on fat, and the acid on the caibohydiates. 

(d) The semi-chgested food, as it passes fiom the stomach into the 
small intestine, is called chyme, and on this othei juices act Of these 
the most impoitant is the secretion of the pancieas, which contains 
vaiious ferments, trypsin, and affects all the different kinds of 
organic food It continues the woik of the stomach, changing proteids 
into peptones and peptones into much simpler compounds such as 
amino-acids , it continues the w’oik of the salivary juice, changing 
starch into sugai ; it also emulsifies the fat, dividing the globules into 
extremely small drops, which it tends to saponify or split into fatty 
acids and glycerine 

(I) Into the beginning of the small intestine the bile from the liver 
also flows, but It is not of great digestive importance, being rather 
of the nature of a waste piodiict It seems to have a slight solvent, 
emulsifying, and saponifying action on the fats , in some animals it is 
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said to have slight power of conveitmg staich into sugai ; by its 
alkalinity it helps the action of the trypsin of the pancieas (which, 
unlike pepsin, acts in an alkaline fluid) ; it affects cell mcmbianes, so 
that they allow the passage of small diops of fat and oil , and it is said 
to have various other qualities. 

(e) In addition to the liver and the pancieas, theie are on the walls 
of the small intestine a gieat number of small glands, which seciete a 
juice which seconds the pancreatic juice. The digested mateiial is 
in pait absoibed into the blood, and the mass of food, still being 
digested, is passed along the small intestine by means of the muscular 
contraction of the walls known as peristaltic action It i caches the 
large intestine, and its reaction is now distinctly acid by leason of 
the acid feimentation of the contents The walls of the laigc intestine 
contain glands similar to those of the small intestine, and the digestive 
piocesses aie completed, while absoiption of watei also goes on ; so 
that by the time the mass has leached the lectum, it is semi-solid, 
and is known as feces These contain the indigestible and un- 
digested remnants of the food and the useless pioducts of the chemical 
digestive piocesses 

Absorptiofi , — But the food must not only be rendered 
soluble and diffusible, it must be carried to the different 
parts of the body, and there incorporated into the hungry 
cells It IS carried by the blood stream, and m part also 
by what are called lymph vessels, which contain a clear 
fluid resembling blood minus red blood corpuscles. 

Absoiption begins m the stomach hy direct osmosis into the capillaues 
or fine branches of blood vessels in Us walls, and a similai absoiption, 
especially of watei, takes place along the whole of the digestive tiact. 
But lining the intestines there aie delicate projections 'called vilh ; 
they contain capillaries belonging to the portal system (blood vessels 
going to the liver), and small vessels known as lacteals connected 
with lymph spaces in the wall of the intestine The lacteals lead into 
a longitudinal lymph vessel oi thoracic duct, which opens into the 
junction of the left jugular and left subclavian veins at the loot of the 
neck The contents of the duct in a fasting animal are clear ; after a 
meal they become milky , the change is due to the matters dischaiged 
into It by the lacteals It is probable that neaily all the fat of a meal 
IS absorbed from the intestines by the lacteals, but it is not ceitain in 
what measure, if at all, this is true of the other dissolved foodstuffs ; 
the greater part certainly passes into the capillaries of the poital 
system, which are contained m the villi The digested proteid, 
chiefly in the form of amino-acids, passes into the blood of the poital 
vein, either directly or thiough the intermediary of leucocytes, which 
flock to the intestine when proteid food is being digested 

Function of the liver , — We now know the fate of the 
fats, and of the proteids of the food, and the manner in 
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which they pass into the blood, but we must follow the 
starchy material, or carbohydrates, a little further. The 
starch, we know, is converted into sugar, and this, with the 
sugar of the food, passes into the capillaries of the villi, 
and is carried to the liver. During digestion there is an 
increase of sugar in the blood vessel going to the liver from 
the intestine— that is, in the portal vein — but no increase 
in the hepatic veins, the vessels leaving the liver. The 
increase must therefore be retained m that organ, and we 
recognise as one of the functions of the liver the regulation 
of the amount of sugar in the blood There is no special 
organ for the regulation of the amount of fat; the drops 
pass through the walls of the capillaries, and are stored m 
connective tissue cells 

All the products of digestion, except the fat, pass through 
the liver, which receives everything before it is allowed to 
pass into the general circulation. Thus many poisons, 
such as metals, are arrested by the liver, and various 
harmful substances which are formed in the course of 
digestion are changed by the liver into harmless com- 
pounds The excess of sugar, we have already noted, is 
stored in the liver. It is synthesised there into a substance 
called glycogen, which can be readily retransformed into 
sugar according to the needs of the system. Glycogen is 
stored m the muscles also, and forms an important part of 
the fuel for the supply of muscular energy and of the 
warmth of the body. Thus, if an animal be subjected to 
a low temperature, the glycogen of the liver disappears 
just as it does during the performance of muscular work. 

Another of the many functions of the liver is that in it 
nitrogenous waste products begin to be prepared for their 
final elimination by the kidneys. 

Respiration. — There is another most important foodstuff 
to be noticed, namely, the oxygen which is absorbed from 
the air by the lungs. We may picture a lung as an elastic 
sponge-work of air chambers, with innumerable blood 
capillaries in the walls, enclosed in an air-tight box, the 
chest, the size of which constantly and rhythmically varies. 
When we take in a breath, the size of the chest is increased 
the air pressure within is lowered, and the air from without 
rushes down the windpipe until the pressure is equalised. 
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The oxygen of this air combines with a substance called 
haemoglobin, contained in the red corpuscles of the blood, 
and IS thus carried to all parts of the body. From the 
blood It passes to the tissues usually thiough the medium 
of the lymph. It is used m the tissues for oxidation. 
The caibon dioxide formed as a waste product is ab- 
sorbed by the serum of the blood, or enters in part into 
loose chemical combination with its salts, and so in time 
reaches the lungs But as the partial piessuie of the 
carbonic acid in the air is lowei than it is m the seium, 
the gas escapes from the latter into the air chambeis of 
the lungs When the size of the chest is decreased, the 
pressure is increased, and the gas escapes by the mouth or 
nose until the pressuie is equalised 

Excretion — We have seen that the blood caiiies the 
digested food to the various parts of the body, and that it is 
also the carrier of oxygen and of the waste caibon dioxide. 

But there is much waste resulting from tissue changes, 
which IS not gaseous. It is cast into the blood stream by 
the tissues, and has to be got rid of in some way. This is 
effected by the kidneys, which aie really filteis intioduced 
into the blood stream. But they are the most marvellous 
filters imaginable, and give us a good example of the 
intricacy of life processes For the kidneys not only take 
out of the blood all the waste products that result from 
the metabolism of proteids and contain nitrogen, they also 
maintain the composition of the blood at its normal, 
rejecting any stuffs that vary from that normal, either 
qualitatively or quantitatively, doing this work according to 
laws quite different from the simple ones of diffusion oi 
solubility : thus sugar and urea are about equally soluble, 
and yet the sugar is kept in the body, while the uiea is cast 
out. Even substances as insoluble as resins are lemoved 
fiom the blood by the living cells of the kidneys 

A considerable quantity of water, and tiaces of salts, fats, 
etc., leave the body by the skin, but its chief use is to 
protect, and to regulate the temperature by variations in 
the size of its blood vessels 

This completes our sketch — {a) of the process by w^hich 
the food becomes available for the organism as fuel for the 
maintenance of its life energies, and \h) of the removal of 
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the waste products which are formed as the ashes of 
life. 

There are indeed some organs which we have not 
mentioned, such as the spleen, which seems to be an area 
for the multiplication of led blood corpuscles (fishes, 
newts, embryo-mammals) 01 for the destruction of worn- 
out corpuscles (mammals), and the thyroid gland, which 
seems to have to do with keeping the blood at a certain 
standard of efficiency; but what we have said is perhaps 
enough to convey a general idea of the processes of life 
in a higher animal. 

In conclusion, it is perhaps useful to remaik that when in the 
couise of further studies the student meets with oigans which aie called 
by the same name as those found m man or in hlaramals, as, for 
example, the “liver” of the Molluscs, he must be careful not to 
suppose that the function of such a “ livei ” is the same as in Mammals, 
for comparatively little investigation into the physiolog)^ of the lower 
types of animal life has as yet been made. At the same time, he must 
cleaily recognise that the great internal activities aie in a general way 
the same in all animals , thus lespiration, wdiether accomplished by 
bkm, or gills, 01 air- tubes, or lungs, by help of the led pigment (hsemo- 
globin) of the blood, or of some pigment which is not led, or occuning 
without the piesence of any blood at all, always means that ox}gen is 
absorbed almost like a kind of food by the tissues, and that the carbon 
dioxide which results from the oxidation of part of the mateiial of the 
tissues IS lemoved. 


Modern Conception of Protoplasm 

The activities of animals are ultimately due to physical 
and chemical changes associated with the living matter 01 
protoplasm. This is a mere truism. AVe do not know 
the nature of this living matter; perhaps our most certain 
knowledge of it is, that m our brains its activity is 
associated with consciousness. 

When more is known in regard to the chemistry and 
physics of living matter, it may be possible to bring vital 
phenomena more into line with the changes which are 
observed in inorganic things. At present, however, it is 
idle to deny that vital phenomena are things apart. Not 
even the simplest of them can be explained in terms of 
chemistry and physics. Even the passage of digested food 
from the gut to the blood vessels is more than ordinary 
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physical osmosis ; it is modified by the fact that the cells 
are living. 

But though we cannot analyse living matter, nor thoroughly 
explain the changes by which the material of the body 
breaks down or is built up, we can trace, by chemical 
analysis, how food passes through various transfoimations 
till it becomes a usable part of the living body, and we can 
also catch some of the waste products formed when muscles 
or other parts are active. 

What IS known m legard to the stiucture of piotoplasm does not 
help the physiologist very much. The microscopists discover an in- 
tricate structuie which pervades each unit of living matter, but no 
physiologist dreams of explaining the life of a cell in teims of its 
micioscopically visible structure. 

One geneial idea, however, the study of structure has suggested, 
which the conclusions of physiologists corroborate. This idea is — that 
a cell consists of a lelatively stable living framework, and of a changeful 
content enclosed by it 

Now, many physiologists legard the fiamework as the genuine living 
piotoplasm, and the content as the material upon which it acts. “ The 
framework is the acting pait, which lives, and is stable ; the content is 
the acted-on part, which has never lived, and is labile, that is, — in a 
state of metabolism or chemical tiansformation.” This view naturally 
leads those who adopt it to regaid protoplasm as a sort of ferment 
acting on less complex material which is brought to it, which forms 
the really changeful pait of each cell 

Somewhat diiferent, howevei, is anotliei idea, — that the protoplasm 
IS itself the seat of constant change ; that it is constantly being unmade 
and remade. On the one hand, moie or less ciude food passes into 
life by an ascending series of assimilative or constructive chemical 
changes, with each of which the material becomes moleciilarly more 
complex and moie unstable On the othei hand, the protoplasm, as 
It becomes active or a source of energy, breaks down in a descending 
series of disruptive or destructive chemical changes ending m waste 
products. 

The former view, which considers protoplasm as a soit of ferment, 
restricts the metabolism to the material on which the piotoplasm acts. 
The second view regards protoplasm as the climax or central term of 
the constmctive and disruptive metabolism. 

It is highly probable that there is no one substance which should be 
called protoplasm, but that vital phenomena depend upon the inter- 
actions of several complex substances As Veiworn says, “The life- 
process consists in the metabolism of pioteids ” 

Generalising from his studies on colour sensation, Professor Ilering 
was led to regard all life as an alternation of two kinds of activity, 
both induced by stimulus, the one tending to stoiage, construction, 
assimilation of material, the other tending to explosion, disruption, 
disassimilation 
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Geneialising fiom his studies on neivous activities. Professor Gaskell 
was led to legard all life as an alternation of two piocesses, one of 
them a running down oi disruption (katabolism), the other a winding 
up or construction (anabolism) 

All physiologists are agieed that in life there is a twofold process of 
waste and repair, of discharge and restitution, of acti\ity and lecuper- 
ative rest But there is no certamt}- as to the piecise nature of this 
twofold process. 


3 



CHAPTER III 

THE ELEMENTS OF STRUCTURE 
(Morphology) 

Animals may be studied alive or dead, in regard to their 
activities or in regard to then parts. We may ask how they 
live, or what they are made of ; we may investigate their 
functions or their structure. The study of life, activity, 
function, IS physiology) the study of parts, architecture, 
structure, is morphology. 

The first task of the morphologist is to describe structure 
(descriptive anatomy) , the second is to compare the parts 
of one animal with those of another (comparative anatomy) ; 
the third is to try to state the “ principles of morphology,” 
or the laws of vital architecture. 

But just as the physiologist investigates life or activity at 
different levels, passing from his study of the animal as a 
unity with certain habits, to consider it as an engine of 
organs, a web of tissues, a city of cells, and a whirlpool of 
living matter; so the morphologist has to investigate the 
form of the whole animal, then in succession its organs, 
their component tissues, their component cells, and finally, 
the structure of protoplasm itself. The tasks of morphology 
and of physiology are parallel. 

Morphology thus includes not only the description of ex- 
ternal form, not only the anatomy of organs, but also that 
minute anatomy of tissues and cells and protoplasm which 
we call histology. Moreover, there is no real difference 
between studying fossil animals which died and were buried 
countless years ago, and dissecting a modern frog. The 
anatomical palaeontologist is also a student of morphology. 
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Finally, as the greater pait of embryology consists in study- 
ing the anatomy and histology of an organism at various 
stages of its development, the work of the embryologist 
is also in the main morphological, though he has also 
to inform us, if he can, about the physiology of develop- 
ment. 

Morphology has been defined by Geddes as “ the study 
of all the statical aspects of organisms,” in contrast to 
physiology, which is concerned with their vital dynamics. 
In this chapter we shall follow the historical development 
of morphology, and work from the outside inwards. 

I. Form and symmetry. — The form of an animal is due 
to the interaction of two variables — the protoplasmic 
material which composes the organism, and the environ- 
ment which plays upon it. In fact, an animal takes definite 
form just as a mineral does : in both the shape is determined 
by the nature of the stuff and by the surrounding influences. 
Activity, or function, also affects form; but function is 
merely action and reaction between the animal and its 
surroundings. 

As regards symmetry, animals may be distinguished 
as — (^z) radially symmetrical; (^) bilaterally symmetrical; 
(c) asymmetrical. 

In a radially symmetrical animal, such as a jelly-fish, the body can 
be halved by a number of vertical planes — it is symmetrical aiound a 
median vertical axis. That is, it is the same all round, and has no 
right or left side. In a bilaterally symmetrical body, such as a 
worm’s, there is but one plane through which the body can be halved. 
In an asymmetrical animal, such as a snail, accurate halving is im- 
possible. 

Radial symmetiy is illustrated by simple Sponges, most Coelentera, 
and by many adult Echinoderms. As it is the rule m the two lowest 
classes of Metazoa, and as it is characteristic of the very common 
embryonic stage known as the gastrula (an oval or thimble-shaped sac 
consisting of two layers of cells), it is probably more primitive than 
the bilateral symmetry characteristic of most animals above Coelentera. 
Radial symmetry seems best suited for sedentary life, or for aimless 
floating and drifting. Bilateral symmetry probably arose as it became 
advantageous for animals to move energetically and in definite direc- 
tions, to pursue their prey, avoid their enemies, and seek their mates. 
The formation of a “brain” is correlated with the habit of moving 
head foremost. Among many-celled animals, some worm type prob- 
ably deserves the credit of beginning the profitable habit of moving 
head foremost. Had some one not taken this step, we should never 
have known our right hand from our left. 
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II. Organs, — We give this name to any well-defined 
part of an animal, such as heart or brain. The word sug- 
gests a piece of mechanism , but the animal is more than 
a complex engine, and many organs have several diffcient 
activities to which their visible structure gives little clue. 

Differentiatton arid integration of organs — When we 
review the animal series, or study the development of an 
individual, we see that organs appear gradually. The 
gastrula cavity — the future stomach — is the first acquisition, 
though some would make out that it was primitively a 
brood-chamber. To begin with, it is a simple sac, but it 
soon becomes complicated by digestive and other out- 
growths. The progress of the individual, and of the race, 
IS from apparent simplicity to obvious complexity. We 
also notice that before definite nervous organs appear 
there is diffuse irritability, before definite muscular organs 
appear there is diffuse contractility, and so on. In other 
words, functions come before organs. The attainment of 
organs implies specialisation of parts, or concentration of 
functions in particular areas of the body. 

If we contrast a frog with Hydra^ one of the great facts m 
regard to the evolution of organs is illustrated. Among the 
living units which make up a frog, there is much more 
division of labour than there is among those of Hydra. An 
excised representative sample of Hydra will reproduce the 
whole animal, but this is not true of the frog. The struc- 
tural result of this physiological division of labour is differ- 
entiation The animal, or part of it, becomes more complex, 
more heterogeneous. 

If we contrast a bird and a sponge, another great fact in 
regard to the evolution of organs is illustrated. The bird is 
more of a unity than a sponge ; its parts are more closely 
knit together and more adequately subordinated to the life 
of the whole. This kind of progress is called integration. 
Differentiation involves the acquisition of new parts and 
powers, these are consolidated and harmonised as the 
animal becomes more integrated. 

Correlation of organs — It is of the very nature of an 
organism that its parts should be mutually dependent. The 
organs are all partners in the business of life, and if one 
member changes, others also are affected. This is especially 
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true of certain organs which have developed and evolved 
together, and are knit by close physiological bonds. Thus 
the circulatory and respiratory systems, the muscular and 
the skeletal systems, the brain and the sense organs, are 
very closely united, and they are said to be correlated. A 
variation, for better or worse, m one system often brings 
about a correlated variation m another, though we cannot 
always trace the physiological connection. 

Homologous organs. — Organs which arise from the same 
primitive layer of the embryo (see Chapter IV.) have some- 
thing in common. But when a number of organs arise in 
the same way, from the same embryonic material, and are 
at first fashioned on the same plan, they have still more m 
common. Nor will this fundamental sameness be affected 
though the final shape and use of the various organs be very 
different. We call organs which are thus structurally and 
developmentally similar, homologous. Thus the nineteen 
pairs of appendages on a crayfish are all homologous , the 
three pairs of “jaws in an insect are homologous with the 
insect’s legs ; and it is also true that the fore-leg of a frog, 
the wing of a bird, the flipper of a whale, the arm of a man, 
are all homologous. The wing of a bird and the arm of 
man exhibit the same chief bones, blood vessels, muscles, 
and nerves, and they begin to develop in the same way j 
they are homologous hut not analogous The wing of a bird 
and the wing of an insect, which resemble one another in 
being organs of flight, are not the least alike in structure ; 
they are analogous but not homologous. Yet two organs 
may be both homologous and analogous^ eg. the wing of a 
bird and the wing of a bat, for both are fore-limbs, and 
both are organs of flight. Sometimes two organs or two 
organisms — deeply different in structure — have a marked 
superficial resemblance, simply because both have arisen 
in relation to similar conditions of life. Thus a burrow- 
ing amphibian, a burrowing lizard, and a burrowing snake 
resemble one another in being limbless, but this “ conver- 
gence,” or “homoplasty,” of form does not indicate any 
relationship between them. 

Change of function. — Division of labour involves restric- 
tion of functions in the several parts of an animal, and no 
higher Metazoa could have arisen if all the cells had 
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remained with the many-sided qualities of Amoebae Yet 
we must avoid thinking about organs as if they were 
necessarily active in one way only. For many organs, e.g. 
the liver, have several very distinct functions. In addition 
to the main function of an organ, there are often secondary 
functions, thus the wings of an insect may be respiratory 
as well as locomotor, and part of the food canal of Tunicates 
and Amphioxus is almost wholly subservient to respiration. 
Moreover, in organs which are not very highly specialised, 
it seems as if the component elements retained a consider- 
able degree of individuality, so that in course of time what 
was a secondary function may become the primary one. 
Thus Dohrn, who especially emphasised this idea of 
function change, says : Every function is the resultant of 
several components, of which one is the chief or primary 
function, while the others are subsidiary or secondary. 
The diminution of the chief function and the accession of a 
secondary function changes the total function , the secondary 
function becomes gradually the chief one ; the result is the 
modification of the organ.” The contraction of a muscle is 
always accompanied by electric changes, and in the electric 
organs of fishes we see the electric changes in the modified 
muscular tissue composing the organs becoming more 
important than the contractility. The structure known as 
the allantois is an unimportant bladder in the frog, in Birds 
and Reptiles it forms a foetal membrane (chiefly respiratory) 
around the embryo, and in most Mammals it forms part of 
the placenta which effects vital connection between off- 
spring and mother. 

Substitution of organs . — The idea of several changes of 
function in the evolution of an organ, suggests another of 
not less importance which has been emphasised by Kleinen- 
berg. An illustration will explain it. In the early stages 
of all vertebrate embryos, the supporting axial skeleton is 
the notochord, — a rod developed along the dorsal wall of 
the gut From Fishes onwards, this embryonic axis is 
gradually replaced in development by the vertebral column 
or backbone; the notochord does not become the back- 
bone, but is replaced by it. It is a temporary structure, 
around which the vertebral column is constructed, as a tall 
chimney may be built around an internal scaffolding of 
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wood. Yet It remains as the sole axial skeleton in 
Amphioxus, persists in great part in hag and lamprey, but 
becomes less and less persistent in Fishes and higher 
Vertebrates, as its substitute, the backbone, develops more 
perfectly. Now, what is the relation between the notochord 
and its substitute the backbone, seeing that the former does 
not become the latter^ Klemenberg’s suggestion is that 
the notochord supplies the stimulus, the necessary condi- 
tion, for the formation of the backbone. Of course we 
require to know more about the way in which an old- 
fashioned structure may stimulate the growth of its future 
substitute, but the general idea of one organ leading on to 
another is suggestive. It is consistent with our general 
conception of development — that each stage supplies the 
necessary stimulus for the next step, it also helps us to 
understand more clearly how new structures, too incipient 
to be of use, may persist, and why old structures should 
linger though they have only a transitory importance. 

Rudimentary organs . — In many animals there are struc- 
tures which attain no complete development, which are 
rudimentary in comparison with those of related forms, and 
seem retrogiessive when compared with their promise in 
embryonic life. But it is necessary to distinguish various 
kinds of rudimentary structures, (a) As a pathological 
variation, probably due to some germinal defect, or to the 
insufficient nutrition of the embryo, the heart of a mammal 
IS sometimes incompletely formed. Other organs may be 
similarly spoilt in the making. They illustrate arrested 
developmeiit. (J?) Some animals lose, m the course of their 
life, many of the prominent characteristics of their larval 
life , thus parasitic crustaceans at first free-living, and sessile 
sea-squirts at first free-swimming, always undergo degenera- 
tion, which can be seen in each lifetime, (c) But the little 
kiwi of New Zealand, with mere apologies for wings, 
and many cave fishes and cave crustaceans with slight 
hints of eyes, illustrate degeneration, which has taken such 
a hold of the animals that the young stages also are degener- 
ate. The retrogression cannot be seen in each lifetime, 
evident as it is when we compare these degenerate forms with 
probable ancestors, (d) But among “ rudimentary organs ” 
we also include structures somewhat different, e g. the gill* 
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clefts which persist in embryonic reptiles, buds, and 
mammals, though most of them serve no obvious purpose, 
or the embryonic teeth of whalebone whales These are 

vestigial structures, traces of ancestral history, and in- 
telligible on no other theory. The gill- clefts are used for 
respiration in all vertebrates below reptiles ; the ancestors 
of whalebone whales doubtless had functional teeth. 

Classification of 01 gans — We may aiiangc the vauous pails of the 
body physiologically, accoiding to Iheir shaie in the life. Thus some 
paits have most to do with the external iclalions of the animals ; such 
as locomotor, prehensile, food-receiving, piolective, aggiessive, and 
copul atory organs Of internal the skeletal stiuctures aie passive , 
the neivous, muscular, and glandular parts aie active. The lepro- 
ductive oigans are distinct fiom all the lest They arc conveniently 
called “gonads,” which is a better teim than lepioductivc glands. 
Foi by a gland we mean an organ which secietcs, whose cells pioduce 
and liberate some definite chemical substance, such as a digestive 
ferment , whereas the gonads are oigans wheie theic is pei iodic multi- 
plication of certain cells, kept apait from the specialisation chaiactei- 
istic of most of the “body cells” oi “somatic” cells. It is tuie, 
however, < hat an accessoiy glandulai function is often associated with 
the gonads. 

Another classification of oigans is embiyological, ? e accoiding to the 
embrjonic lavei fiom which the vauous paits aiise Thus the outei 
layei of the embiyo (the ectodeim oi epibiast) forms m the adult — (i) 
the outer skin or epideimis , (2) the nervous system , (3) much at least 
of the sense organs, the mnei layei of the embryo (the endodeim or 
hypoblast) foims at least an important pait (the “mid-gut ”) of the food 
canal, and the basis of outgrowths (lungs, liver, pancreas, etc ) which 
may arise theiefrom, and also the notochoid of Vertebiates • the middle 
layei of the embryo (the mesoderm or mesoblast) forms skeleton, 
connective swathings, muscle, lining of body-cavit> , etc 

III Tissues, — Zoological anatomists, of whom Cuvier 
may be taken as a type, analyse animals into their com- 
ponent organs, and discover the homologies between one 
animal and another. But as early as 1801, Bichat had 
published his Anatomie g'en'erah, in which he canied the 
analysis further, showing that the organs were composed of 
tissues, contractile, nervous, glandular, etc In 1838-39, 
Schwann and Schleiden formulated the “cell theory,” in 
which was stated the result of yet deeper analysis — that all 
organisms have a cellular structure and origin. The 
simplest animals (Protozoa) are typically single cells or unit 
masses of living matter ; as such all animals begin j but all. 
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except the simplest, consist of hundreds of these cells united 
into more or less homogeneous companies (tissues), which 
may be compacted, as we have seen, into organs If we 
think of the organism as a great city of cells, the tissues 
represent streets (like some of those in Leipzig), m each of 
which some one kind of function or industry predominates. 

The student should read the introductoiy chapters in one 
of the numerous works on histology^ so as to gain a general 
idea of the characters of the different tissues. 

There are four great kinds, — epithelial, connective, 
muscular, and nervous. 


{a) Epithelial tissue is illustialed by the external layer of the skin 
(epideimis), the internal (endothelial) lining of the food canal and its 
outgrowths, the lining of the body cavity, etc. ; by the eaily aiiange- 
ments of cells m all embiyos , and by the simplest IMetazoa, such as 
Hydm^ whose tubulai body is foimed by t\\o layers of epithelium. 
Embryologically and histoncally, epithelium is the most primitive kind 
of tissue It may be single layered or stratified ; its cells may be 
columnai, scale-like, or otherwise. The cells maybe close together, 
01 separated by intercellulai spaces, and they are often connected by 
budges of living matter Nor aie the functions of epithelium less 
diveise than its foims, for it may be ciliated (effecting locomotion, 
food-wafting, etc ), 01 sensitive (and as such forming sense oigans)^ 01 
glandular (liberating certain products or even the whole contents of its 
cells), 01 pigmented (and thus associated with respiiation, excretion, 
and piotection), or coveied externally with a sweated-off cuticle, 
susceptible of many modifications (especially of protective value) 

{b) Connective tissue — This term includes too many difterent kinds 
of things to mean much. It represents a sort of histological lumber- 
room 

The embiyologists help us a little, for they have shown that almost 
all forms of connective tissue are derived from the mesoderm or middle 
layer of the embryo. As this mesoderm usually arises in the form of 
outgrowths from the gut, or from (“mesenchyme”) cells liberated at 
an early stage from either (^) of the two other layers of the embryo 
(ectoderm or endoderm), we may say that connective tissue is piimarily 
derived from epithelium 

The general function of “connective tissue” is to enswathe, to bind, 
and to support, but the forms assumed are very various 

The cells may be without any intercellulai “mortar” 01 matrix. 
They may be laden with fat or with pigment 

In other cases the cells of the connective tissue lie in a matrix, 
which they secrete, or into which they in part die away. Sometimes 
the matrix becomes secondarily invaded by cells. The connective cells 
are very often irregular in outline, and give off, m most cases, fine 
processes, which traverse the matrix as a network. They may secrete 
long fibres, as in the various kinds of fibrous tissue The fibrous tissue 



42 


THE ELEMENTS OF STRUCTURE. 


of tendons and the different kinds of gristle or cartilage illustrate 
connective tissue with much matrix Cartilage is sometimes hardened 
by the deposition of lime salts in its substance, and then has a slight 
resemblance to another kind of “ connective tissue ” — bone But bone, 
which IS restiicted to Vertebrate animals, is quite different fiom the 
cartilage which it often succeeds and leplaces It is made by strands 
or layers of special bone foiming cells (osteoblasts), which may rest on 
a cartilage foundation, or may be quite independent. These osteoblasts 
form the bone matrix, and some of them are involved m it, and become 
the peimanent bone cells. These have numeious radiating branches, 
and are arranged in concentric layeis, usually aiound a cavity or a blood 
vessel. (Theie aie no blood vessels in cartilage ) The matrix becomes 
veiy iich in lime salts (especially phosphate) ; and the cartilage 
foundation, if theie was one, is quite destroyed by the new formation. 
Here we may also note two impoitant fluid tissues, the floating 
corpuscles or cells of the blood, and those of the body cavity or 
“perivisceral” fluid, which is often abundant and important in back- 
boneless animals 

(dr) Muscular tissue.— single-celled Amceha moves by flowing out 
on one side and drawing in its substance on another. It is diffusely 
contractile, and it has also sensitive, digestive, and other functions. 

In Hydra and some other Coelentera the bases of some of the epithelial 
cells which form the outei and inner layeis aie prolonged into con- 
tractile roots Here, then, we have cells of which a special part 
discharges a contractile or muscular function, while the other parts 
retain othei poweis. 

In other Ccelentera the muscular cells aie still diiectly connected with 
the epithelium, but become more and more exclusively contractile. In 
all other animals the muscular tissue is derived from the mesoderm, 
which, as we have alieady mentioned, is not distinctly present in 
Ccelentera In the majority, the muscle cells arise on the walls of the 
body cavity, and their oiigm may often at least be described as epithelial. 
But in other cases the muscles arise fiom those wandering “mesen- 
chyme” cells to which we have already refeiied. 

Smooth or unstnped muscle fibies are elongated contractile cells, 
externally homogeneous in appeaiance They aie especially abundant 
in sluggish animals, e.g Molluscs, and occur in the walls of the gut, 
bladder, and blood vessels of Vertebrates. They are less perfectly 
differentiated than striped muscle fibres, and usually contiacL more 
slowly. 

A striped muscle fibre is a cell the greater part of which is modified 
into a set of parallel longitudinal fibrils, with alternating “clear and 
dark ” transverse stupes A residue of unmodified cell substance, with 
a nucleus or with many, is often to be observed on the side of the fibre, 
and a slight sheath or sarcolemma forms the “cell wall ” Many 
muscle fibres closely combined, and wrapped in a sheath of connective 
tissue, form a muscle, which, as every one knows, can contract with 
extreme rapidity when stimulated by a nervous impulse, 

{d) Nervous tissue . — Beginning again with the Anmba^ we recognise 
that it IS diffusely sensitive, and that a stimulus can pass from one part 
of the cell to another. 
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In some Coelenteia a few of the external cells seem to combine 
contractile and nervous functions. Therefore they are sometimes called 
“ neuro-muscular.” 

But in Hydra there are superficial sensory cells, whose basal pro- 
longations aie connected either directly with contractile cells, or with 
deeper ganglion-cells, some of which give off motor processes to the 
contractile cells 

In sea-anemones and some other Coelentera there is a more sharply 
defined division of laboiii. Superficial sensory cells are connected 
with subjacent nerve- or ganglion-cells, from which fibres pass to the 
contiactile elements 

In higher animals the sensory cells are mostly integrated into sense 
organs, the ganglionic cells into ganglia, while the delicate fibres 
which foim the connections between sensory cells and ganglionic cells, 
and between the latter and muscles, are represented by well-developed 
nerves. 

So far as we know, nervous tissue always arises fiom the outer or 
ectodermic layer of the embryo, as we would expect from the fact that 
this is the layer which, in the course of history, has been most directly 
subjected to external stimulus. 

Let us considei first the ganglionic cells w^hich receive stimuli, and 
shunt them, which regulate the whole life of the organism, and are the 
physical conditions of ‘‘spontaneous” activity and intelligence. They 
are of veiy varied shape, but consist always of a cell-body which gives 
off one or moie processes One of these processes is long, branches 
very sparingly, and is known as the axis-cylinder. There are usually 
present othei processes which ramify like the branches of a tree and 
aie called dendrites The cell-body contains a nucleus, distinct 
gianules, and a network of fine fibrils The nervous system is built up 
of such “neurones” In the ganglia they are supported and held 
apart by much-branched neuroglia cells 

In all but a few of the simplest Metazoa, the nerve fibres (axis- 
cylinders) are surrounded by a sheath called the neurilemma, said to be 
formed by adjacent connective tissue. Several nerve fibres may com- 
bine to form a nerve, but each still remains ensheathed in its neuri- 
lemma while fibioLis sheaths bind the nerve fibres together In Verte- 
biate animals each nerve fibre usually has in addition a medullary 
sheath But even in the higher Vertebrates, “ non-medullated ” or 
simply contoured nerve fibres are found in the sympathetic and olfactory 
nerves, and this simpler type alone occurs in hag, lamprey, and 
lancelet, as well as in all the Invertebrates with distinct nerves. 

A nerve fibre contains numerous fibrils like those seen within a 
ganglion cell. These are regarded by some as the essential elements m 
conducting stimuli, while others maintain that the essential part is the 
less compact, sometimes well-nigh fluid stuff between thefibiils, or that 
the fibrils are but the walls of tubes within which the essentially nervous 
stuff lies. 

According to some authorities, the nerve fibres arise as extensive pro- 
longations of the ganglion cells ; according to others, the neuroglia or 
other ensheathmg elements contribute to the extension of the nerve 
fibres, or rather special neuroblast cells make both sheath and fibre. 
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IV. Cells. — In discussing tissues, it was necessary to 
refer to the component cells. Let us now consider the 
chief characteristics of these elements 

A cell IS a unit mass or area of living mattei usually with 
a nucleus. Most of the simplest animals and plants 
(Protozoa and Protophyta) are single cells j eggs and male 
elements are single cells, in multicellular oiganisms the 
cells are combined into tissues and oigans. 

Most cells aie too 



Fig 21. — Diagram of cell struct ui e 
— After Wilson 
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small to be distinguished 
exc 3pt through lenses ; 
many Protozoa, eg. laige 
Amoebae, are just visible 
to our unaided eyes j the 
chalk - forming Foramin- 
ifera are single cells, whose 
shells are often as large 
as pin-heads, and some of 
the extinct kinds were as 
big as half-crowns (see 
Fig. 17), the bast cells 
of plants may extend for 
several inches; the largest 
animal cells are eggs dis- 
tended with yolk 

The typical and piimi- 
tive form of cell is a 
sphere — a shape naturally 
assumed by a complex 
coherent substance situ- 


ated in a medium different 


from itself. Most egg-cells and many Protozoa retain this 
primitive form, but the internal and external conditions of 
life (such as nutrition and pressure) often evolve other 
shapes, — oval, rectangular, flattened, thread-like, stellate, 
and so on. 


As to the si7 lecture of a cell^ we may distinguish (see 
Fig. 2i)-~ 

{a) The general cell substance or cytoplasm, which con- 
sists partly of genuinely living stuff or protoplasm, and 
partly of complex materials not really living (metaplasm) ; 
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{h) A specialised nucleus, with a complex structure, 
and important functions , 

{c) One or more specialised bodies called central 
corpuscles or centrosomes, which seem to be centres of 
activity during cell division , 

{cC) A cell wall, which occurs in very varied form, or may 
be entirely absent. 

{a) As to the cell substance^ it often appears at first sight 
almost homogeneous, but higher magnification shows con- 
siderable structural complexity. It is certainly not like 
white of egg, but shows a reticular, fibrillar, or vacuolar 
structure. It is usually slightly fluid, but it may be firm 
and compact in passive cells. It is usually translucent, but 
there are often obscuring granules of different kinds. 

In thinking of the cell substance or cytoplasm, we 
distinguish the genuinely living protoplasm, which may be 
a mixture of proteids, from other materials of simpler 
chemical composition, such as carbohydrates, fats, pigments, 
etc Some of these may be nutritive materials in process 
of elaboration into more complex substances; others are 
disruptive products of the metabolism. 

iff) As to the nucleus^ one at least is present in almost 
every cell. It used to be said that some very simple 
animals, which Haeckel called Monera, had no nuclei, but in 
many cases the nuclei have now been demonstrated. In 
other cases, eg. some Infusorians, the nuclear material seems 
to be diffused in the cell substance. The red blood cells 
of Mammals seem to be distinctly nucleated in their early 
stages, though there is no nucleus in those which are full 
grown. 

The nucleus is a very important part of the cell, but it is 
not yet possible to define precisely what its importance is. 
In fertilisation an essential process is the union of the 
nucleus of the spermatozoon or male cell with the nucleus 
of the ovum or female cell (Fig. 23). In cell division the 
nucleus certainly plays an essential part. Cells bereft of 
their nuclei die, or live for a while a crippled life. Accord- 
ing to some, the nucleus is important in connection with 
the nutrition of the cell , according to others, it is of special 
importance in connection with the respiration of the cell. 
It is certain that there are complex actions and reactions 
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between the living matter of the nucleus and that of the 
cytoplasm. Cytoplasm and nucleoplasm form a “ cell firm,” 
potent in their co-operation In many cells it has been 
shown that fragments or extensions of the nucleus pass into 
the cytoplasm, forming what is called a “ chromidial appar- 
atus,” which seems to be of much functional importance. 

The nucleus often lies within a little 
nest in the midst of the cell substance, 
but it may shift its position from one 
part of the cell to anothei. It has a 
definite margin, but this may be lost, 
e.g before cell division begins. Inter- 
nally, it IS anything but homogeneous 
(see Fig 22) ; at any rate, homogeneous 
nuclei are rare. Twisted strands or 



Fig 22. — Structure tubes of ‘‘ limn ” bear a more stainable 


of the cell.— After material called “ chromatin,” and when 
Carnoy the Cell IS preparing to divide the 

N, Nucleus with chro- strands assume the form of a definite 

matm coil , note pro- , , 

topiasmic reticulum number oi Separable rods or loops or 
granules, the ‘‘chromosomes.” Sur- 


rounding the limn and chromatin is the nuclear sap. 


Sometimes a Imin thread shows a row of minute chromatin bodies 
(microsomata), like jewel-stones embedded on a belt, Weismann 
maintains that the chromosomes or idants of the germ-cells aie the 
vehicles of the heritable qualities. He has made a hypothetical scheme, 
according to which the chromosomes or idants are built up of and 
the ids of determinants, and the determinants of hiophors 


Many nuclei also contain little round bodies or nucleoli, 
or sometimes a single nucleolus. The term is applied 
somewhat vaguely to little aggregations of chromatin, and 
more properly to vacuole-like bodies, in which some believe 
that the waste products of the nucleus are collected. 

ic) As to the centrosomes, it may be noted that when an 
animal cell divides, these bodies play an important part. 
The chromatin elements of the nucleus are divided, and 
separate to form the two daughter nuclei. In this separa- 
tion extremely fine “ archoplasmic ” threads pass from the 
centrosomes to the chromosomes. The centrosomes are 
therefore regarded as “division organs,” or as “dynamic 
centres.” They also occur, in most cases singly, in resting 



CELLS. 


47 


cells, and it seems likely that they are present in most 
animal cells, at least in those which retain the power of 
division. 

{d) As to the cell wall., it seemed 
of much moment to the earlier 
histologists, who often spoke of 
cells as little bags or boxes. It 
is, however, the least important 
part of the cell. In plant cells 
there is usually a very distinct 
wall, consisting of cellulose. This 
is a product, not a part, of 
the protoplasm, though some 
protoplasm may be intimately 
associated with it as long as its 
growth continues. In animal 
cells there is rarely a very distinct 
wall chemically distinguishable from the living matter 
Itself. But the margin is often different from the in- 
terior, and a slight wall may be formed by a superficial 
compacting of the threads of the cell network, or by a 
physical alteration of the cell substance, comparable to the 
formation of a skin on cooling 
porridge. In other cases, especi- 
ally in cells which are not very 
active, such as ova and encysted 
Protozoa, a more definite sheath 
is formed around the cell sub- 
stance. Again, animal cells may 
secrete a superficial “ cuticle,” e.g. 
the chitin formed by the ectoderm 
cells in Insects, Crustaceans, and 
Fig 24— Diagram of cell Other Arthropods. 

division.— After Boveri In animals, as well as in plants. 




Fig 23 — Fertilised ovum of 
Ascaiis — After Boven. 

chr , Chromatin elements, two 
from ovum nucleus and two 
fiom sperm nucleus , cs , 
centrosome from which 
“ archoplasmic ” threads 
radiate, partly to the chromo- 
somes 


chr , Chromosomes forming 
an equatorial plate ; cs , 
centrosome 


adjacent cells are often linked 
by intercellular bridges of living 
matter, which may be paths for 
the passage of materials or of disturbances from cell to cell. 
In many cases, eg. of gelatinous tissue, a matrix arises out- 
side of and between the cells, as an exoplasmic product. 

In regard to cell division^ the most important facts are the 
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following . — There is a striking similarity in most cases, and 
the nucleus plays an essential part in the process. The 
dividing nucleus usually passes through a senes of complex 
changes known as karyokmesis or mitosis, and these are 
much the same everywhere, though different kinds of cells 
have their specific peculiarities. Occasionally, however, 
both in Piotozoa and Metazoa, the nucleus divides by 
simple constriction (direct or amitotic division) This is a 
quicker process than the other, and occurs especially when 
there is rapid growth or frequent replacement of cells. 
Another departure from the ordinary scheme is seen when 
the nucleus shows a multiple division, while the cell 
remains undivided. This occurs normally in some marrow 
cells 

The eventful changes of karyokmesis are as follows — 

{a) The restmg stage of the nucleus shows a netwoik oi complete 
coil of filaments (chromatin elements) (Fig 22) 

(/;) First stage — As division begins, the membiane sepaialing 
the nucleus fiom the cell substance disappears, and the 
chiomatm elements are seen as a tangled or broken coil 
(Pig- 25, I) 

[c) Astroid stage — The chromatin elements bend into looped 

pieces (01 chromosomes), which are disposed in a star, lying 
flat at the equator of the cell, the free ends of the U-shaped 
loops being directed outwards Meanwhile a centrosome 
has appeared and divided into two separating halves, 
between which a spindle of fine achiomatm threads is 
formed. This seems to form (at least part of) what is 
called the nuclear spindle The ceiitiosomes separate until 
one lies at each pole of the cell, surrounded by radiating 
“ archoplasmic ” threads which become attached to the 
chiomosomes (Fig 25, 2), 

[d) Division and separation of the loops — Each of the loops 

which make up the star divides longitudinally into two, 
and each half separates from its neighbour. They he at 
first near the equator of the cell, but they are apparently 
drawn, or driven, to the opposite poles (Fig. 25, 2-4) 

{e) Diastroid — The single star thus foims two daughter stars, 
which separate farther and farther from one another towards 
the opposite poles of the cell, remaining connected, how- 
ever, by delicate threads (Fig 25, 3-5) 

(/) Each daughter star is leconstituted into a coil or network for 
each daughter cell, for the cell substance has been con- 
stricted meanwhile at right angles to the transverse axis of 
the spindle The halves separate in the case of Protozoa, 
but in most other cases, e g growing embryos, they remain 
adjacent, with a slight wall between them (Fig. 25, 6). 
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(^) Each daughtei nucleus then passes into the noimal leslmg 
phase. The spindle disappeais, and the centiosomes may 
also vanish 

The essential fact is the exact partition of the nuclear mateiial 
between the two daughter cells 

Flemming gives the following summaiy of karyokmesis — 


Mother Nucleus 
(progressive changes). 
a Resting stage. 
b Coil. 
c Astroid 


(Prophases) 


-> d Division of Astroid and its loops ■ 


Daughter Nucleus 
(regressive changes). 
Resting stage g 
Coil / 

Diastroid. e 


(Metakmesis) 


(Anaphases) 



1 Coil stnge of nucleus , c 6 , central corpuscle 

2 Division of chromatin elements into U-shaped loops, and longitudinal 

splitting of these (astroid stage) 

3, 4 Recession of chromatin elements from the equatoi of the cell 
(diastroid) 

5 Nuclear spindle, with chromatin elements at each pole, and 
achromatin threads between 
6 . Division of the cell completed 


Besides the ordinary indirect division just described, the 
net result of which is that each of the two daughter cells 
gets an equal number of chromosomes, a precise half of 
each of the chromosomes in the original cell, there is 
another kind of cell division (meiotic or reducing division) 
which occurs only in the maturation of the ovum and 
4 
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spermatozoon, and has for its net result the reduction of the 
number of chromosomes to a half of the normal number. 

We are far from being able to give even an approximate 
account of the “ mechanism ’’ of cell division. The whole 
process is vital, and cannot, at present at least, be re- 
described m terms of matter and motion 

On the other hand, Leuckart, Spencer, and Alexander 
James have given a general rationale of cell division. Why 
do not cells grow much larger ^ why do they almost always 
divide at a definite limit of growth ? The answer is as 
follows — Suppose a young cell has doubled its original 
volume, that means that there is twice as much living 
matter to be kept alive. But the living matter is fed, 
aerated, purified through its surface, which, in growing 
spherical cells, for instance, only increases as the square 
of the radius, while the mass increases as the cube. The 
surface growth always lags behind the increase of mass. 
Therefore, when the cell has, let us say, quadrupled its 
original volume, but by no means quadrupled its surface, 
difficulties set in, waste begins to gain on repair, anabolism 
loses some of its ascendancy over katabolism. At the limit 
of growth the cell divides, halving its mass and gaining new 
surface. It is true that the surface may be increased by out- 
flowing processes, just as that of leaves by many lobes ; and 
division may occur before the limit of growth is reached, 
but, as a general rationale, applicable to organs and bodies 
as well as to cells, the suggestion above outlined is veiy 
helpful. The ratio of the amount of nuclear material in 
the cell to the amount of cytoplasmic material seems also 
to have a determining influence upon cell division (R. 
Hertwig). 

Protoplasm. — Morphological as well as physiological 
analysis passes from the organism as a whole to its organs, 
thence to the tissues, thence to the cells, and finally to the 
protoplasm itself. But although we may define protoplasm 
as genuinely living matter — as “ the physical basis of life ” 
— we cannot definitely say how much or what part of an 
Amoeba, or an ovum, or any other cell, is really protoplasm. 
We are able to make negative statements, eg, the yolk of 
an egg is not protoplasm, but we cannot make positive 
statements, or say. This is protoplasm, and nought else* 
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Thus what is spoken of as the structure of protoplasm is 
really the structure of the cytoplasm. It is often specifically 
different in different cases. 

In regard to this structure, we know that it is very complex, but we 
are not sure of much more. For different experts see diffeient appear- 
ances, even in the same cells. 

Thus some, e g Frommann, describe a network or reticulum, with 
less stable material in the meshes ; otheis, e g Flemming, describe 
a manifold coil of fibrils ; and others, e g. Butschli, describe a foam- 
like or vacuolar stiuctuie It seems likely that the structure is different 
at different times, or in different cells. 

Piofessor Butschli’s belief that the cytoplasm has a vacuolai structure 
is corroborated by his inteiestmg experiments on microscopic foams 
Finely powdered potassium carbonate is mixed with olive oil which has 
been previously heated to a temperature of 50 °- 6 o“ C. , an acid from the 
oil splits up the potassium carbonate, liberates carbon dioxide, and forms 
an extremely fine emulsion. Drops of this show a structure not unlike 
that of cytoplasm, exhibit movements and streamings not unlike those 
of Amoebae, and are, in shoit, mimic cells. Just as a working model 
may help us to understand the circulation, so these oil-emulsion drops 
may help us to understand the living cell, by bringing the strictly vital 
phenomena into greater prominence. 



CHAPTER IV 

THE REPRODUCTION AND LIFE HISTORY OF 
ANIMALS 

I Reproduction 

In the higher animals the beginnings of individual life are 
hidden, within the womb in Mammals, within the egg-shell 
in Birds. It is natural, therefore, that early preoccupation 
with those higher forms should have hindered the recogni- 
tion of what seems to us so evident, that almost every 
animal arises from an egg-cell oi ovum which has been 
feitilised by a male cell or spermatozoon. The exceptions 
to this fact aie those organisms which multiply by buds or 
detached overgrowths, and those which arise from an egg- 
cell which requires no fertilisation. Thus Hydra may form 
a separable bud, much as a rose-bush sends out a sucker ; 
thus drone-bees “ have a mother, but no father,” for they 
arise from parthenogenetic eggs which aie not fertilised. 

Sexual reproduction. — There is apt to be a lack of clear- 
ness in regard to sexual reproduction, because the process 
which we describe by that phrase is a complex result of 
evolution. It involves two distinct facts — {a) the liberation 
of special germ cells from which new individuals arise , {b) 
the union or amphimixis of two different kinds of germ 
cells, ova and spermatozoa, which come to nothing unless 
they unite. Furtheimore, these dimorphic reproductive 
cells aie produced by two different kinds of individuals 
(females and males), or from different organs of one 
individual, or at different times within the same organ 
(hermaphroditism). 

It IS conceivable that organisms might have gone on 
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multiplying asexually, by detaching overgrown portions of 
themselves which had sufficient vitality to develop into 
complete forms. But a more economical method is the 
liberation of special germ cells, in which the qualities of the 
organism are inherent. This is the primary characteristic 
of sexual, as opposed to asexual, multiplication 

It is also conceivable that organisms might have remained 
approximately like one another in constitution, and at all 
times very nearly the same, and that they might have 
liberated similar germ cells capable of immediate develop- 
ment. Such a race would have illustrated the one charac- 
teristic of sexual reproduction, the liberation of special germ 
cells; but it would have been without that other character- 
istic of sexual reproductioii — the amphimixis or fertilisation 
of dimorphic germ cells, usually produced by different 
organs m one individual or by distinct male and female 
individuals 

Liberation of special germ cells. — One must think of 
this as an economical improvement on the method of start- 
ing a new life by asexual overgrowth or by the liberation of 
buds. Asexual reproduction, as Spencer and Haeckel point 
out, is a mode of growth in which the bud, or whatever it is, 
becomes distinct or discontinuous from the parent. The 
buds of a sponge, of a coral, of a sea-mat, or of many 
Tunicates, remain attached to the parent. If there be a 
keen struggle for subsistence, this may be disadvantageous , 
but m some cases, doubtless, the colonial life which results 
is a source of strength. In the case of Hydra., however, 
the buds are set adrift ; the same is true of not a few worms 
This liberation of buds takes us nearer the sexual process 
of liberating special germ cells But unless the organism 
is in very favourable nutritive conditions, in which over- 
growth is natural, the liberation of buds is an expensive way 
of continuing the life of a species Not only so, but we 
can hardly think of budding even as a possibility in very 
complex organisms, like snails or birds, in which there is 
much division of labour. Moreover, the peculiarity of true 
germ cells is that they do not share in building up the “ body,” 
and that they retain an organisation continuous in quality 
with the original germ cell from which the parent arose; 
they are thus not very liable to be tainted by the mishaps 
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which may befall the “body’' which bears them. And, 
finally, in the mixture of two units of living matter which 
have had different histones, an opportunity for new permuta- 
tions and combinations, m other words, for variation^ is 
supplied. Thus it is not surprising to find that the asexual 
method of liberating buds has been replaced in most 
animals by the more economical and advantageous process 
of sexual reproduction. 

Summary of Modes of Reproduction 

A. In Single-celled Animals (Protozoa) 

(1) The almost mechanical ruptuie of an amoeboid cell, which has 

become too large for physiological equilibrium. 

(2) The discharge of numerous supeificial buds at once ((? ^. Arcella 

and Pelomyxa). 

(3) The formation of one bud at a time (very common). 

(4) The ordinary division into two daughter cells at the limit of 

growth. 

(5) Repeated divisions within limited time and within limited space 

(a cyst). This results in what is called spore-foimation {e § 
in Sporozoa). 

B. In Many-celled Animals (Metazoa) 

(Asexual) 

(a) The separation of a clump of body cells, e g. from the surface of 
some Sponges (A crude foim of budding. ) 

(^) The formation of definite buds which may 01 may not be set free 

{c) Various forms of fission and fragmentation 

(Sexual) 

The liberation of special reproductive or germ cells, which have 
not taken pait m the formation of the body, and which letain 
the essential qualities of the original germ cell from which the 
parent arose. These special germ cells — the ova and sperma- 
tozoa — are normally united in fertilisation, but some animals 
have (parthenogenetic) ova which develop without being 
fertilised. 

Evolution of sex. — A further problem is to account for 
the two facts — (a) that most animals are either males or 
females, the former liberating actively motile male elements 
or spermatozoa, the latter forming and usually liberating 
more passive egg cells or ova; and (b) that these two 
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different kinds of reproductive cells usually come to nothing 
unless they combine. 

The problem is partly solved by a cleai statement of the 
facts Let us begin with those interesting organisms which 
are on the border line between Protozoa and Metazoa, 
the colonial Infusorians, of which Volvox is a type. The 
adults are balls of cells, and the component units are con- 
nected by protoplasmic bridges. From such a ball of cells 
reproductive units are sometimes set adrift, and these divide 
to form other individuals without more ado. In other con- 
ditions, however, when nutrition is checked, a less direct 
mode of reproduction occurs Some of the cells become 
large, well-fed elements, or ova; others, less successful, 
divide into many minute units or spermatozoa. The large 
cells are fertilised by the small Here we see the formation 
of dimorphic leproductive cells m different parts of the 
same organism. But we may also find Volvox balls in 
which only ova are being made, and others with only 
spermatozoa. The former seem to be more vegetative and 
nutritive than the latter, we call them female and male 
organisms respectively ; we are at the foundation of the 
differences between the two sexes. 

All through the animal series, from active Infusorians and 
passive Gregarines to feverish Birds and more sluggish 
Reptiles, we read antitheses between activity and passivity, 
between lavish expenditure of energy and a habit of storing. 
The ratio between disruptive (katabolk) processes and con- 
structive {anabolic) processes m the protoplasmic metabolism 
varies from type to type. It may be that the contrast 
between the sexes is another expression of this fundamental 
alternative of variation. 

Stages in tlie history of fertilisation —While it is not difficult 
to see the advantage of fertilisation as a piocess which helps to sustain 
the standard or average of a species and as a source of new variations, 
we can at present do little more -than indicate various forms in which 
the process occuis. 

[jcL) Formation of Plasmodia, the flowing togethei of numerous feeble 
cells, as seen m the life-history of those veiy simple Protozoa 
called Proteomyxa, e.g. Protomyxa, and Mycetozoa, e,g flowers 
of tan {xFthahiim septicum), 

(d) Multiple conjugation, in which more than two cells unite and fuse 
together temporarily, as in some Sporozoa and in the sun- 
animalcule [Actinosphceriuni). 
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(c) Oxitnajy Lonjugation^ in which two similar cells unite, with 
fusion of their nuclei, observed m Spoiozoa, Ideliozoa, Flagel- 
lates, and Rhizopods In ciliated Infusoiians, the conjugation 
may be meiely a temporaiy union, during which nucleai elements 
are interchanged 

{!) DiniorphiL conjugation^ in which two cells different fiom one 
anothei fuse into one, a piocess well illustiated in Voi'ticella 
and 1 elated Infusoiians, where a small, active, fiee swimming 
(we may say, male) cell units with a fixed individual of normal 
size, wFich may faiily be called female (see Fig 42 and Fig. 47). 
{e) Fertilisation^ m which a spermatozoon liberated from a Metazoon 
unites intimately with an ovum, usually libeiated from another 
individual of the same species. 

Divergent modes of sexual reproduction. — {a) Hertn- 
iph 7 oditisin IS the combination of male and female sexual 
functions 111 varying degrees within one organism It may 
be demonstrable in early life only, and disappear as male- 
iiess or femaleness predominates m the adult. It may 
Dccur as a casualty or as a reversion ; or it may be normal 
in the adult, e.g. in some Sponges and Coelentera, in many 
worms,” such as earthworm and leech, in barnacles and 
icorn-shells, in one species of oyster, in the snail, and in 
many other Bivalves and Gastropods, in Tunicates and in 
the hag-fish. In most cases, though these animals are 
bisexual, they produce ova at one peiiod and spermatozoa 
a.t another (dichogamy). It rarely occurs {e.g. in some 
parasitic worms) that the ova of a hermaphrodite are 
fertilised by the sperms of the same animal {aiiiogatny). 
Certain facts, such as the occurrence of hermaphrodite 
organs as a transitory stage in the development of the 
embryos of many unisexual animals {e.g frog and bird), 
suggest that hermaphroditism is a primitive condition, and 
that the unisexual condition of permanent maleness or 
femaleness is a secondary differentiation Other facts, such 
as the hermaphroditism of many parasites, where cross- 
fertilisation would be difficult, suggest that the bisexual 
condition may have arisen as a secondary adaptation. It 
seems likely that there is both primitive and secondary 
hermaphroditism. 

ip) Parthetiogenesis^ as we know it, is a degenerate form 
of sexual reproduction, in which ova produced by female 
crganisms develop without being fertilised by male elements, 
ft is well illustrated by Rotifers, in which fertilisation is the 
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exception (in some genera males have never been found) ^ 
by many small Crustaceans whose males are absent for a 
season j by Aphides, from among which males may be 
absent for the summer (or in artificial conditions for several 
years) without affecting the rapid succession of female 
generations , by the production of drones in the bee-hive 
from eggs which are never fertilised. 

(dj Alternai207i of ge?ierations. A fixed asexual hydroid 
or zoophyte often buds off and liberates sexual medusoids 
or swimming-bells, whose 
fertilised ova develop in- 
to embryos which become 
fixed and grow into hydroids 
(Fig. 71, p 150). This is 
the simplest illustration of 
alternation of generations, 
which may be defined as 
the alter7iaie ocmrreTice m 
OTte life-cycle of two {or 77iore) 
differeTit forms differe7itly 
produced (Fig. 26). 

The liver-fluke {Distomuin 
hepaticu 77 i) of the sheep 
produces eggs which, when 
fertilised, grow into embryos 
Within the latter, certain 
cells (which might be called 
spores) grow into numerous 
other larvae of a different 
form. Within these the 
same process is repeated, 
and finally the larvae thus produced grow (in certain con- 
ditions) into sexual flukes (Fig. 98, p 189). In this case, 
reproduction by special cells, like undifferentiated precocious 
ova, alternates with reproduction by ordinary fertilised egg- 
cells. So, too, the vegetative sexless “ fern-plant ” gives rise 
to special spore cells, which develop into an inconspicuous 
bisexual “ pro thallus,” from the fertilised egg-cell of which 
a “ fern-plant ’’ springs. 

Various kinds of alternation are seen in the life-cycle of 
the fresh-water sponge, in the stages of the jelly-fish Aurelia^ 



Fig. 26 — Diagrammatic expression 
of alternation of gcneiations. 

1 Hydromedusae 

ov Fertilised oMim gives rise to an 
asexual form A, which, by bud- 
ding, produces sexual form or 
forms 6' , in the case of Hydro- 
medusa;, A IS represented by 
hydroid and dT by medu- 

soid (J/) 

2 Liver Fluke 

oz! Fertilised ovum gives rise to 
asexual stages (A), which from 
special spore-like cells (i?) pro- 
duce eventually the sexual 
fluke (S). 
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in the history of some “worms” and Tunicates. They 
illustrate a rhythm between asexual and sexual multiplica- 
tion, between parthenogenetic and normal sexual reproduc- 
tion, between vegetative and animal life, between a relatively 
“anabolic” and a relatively “katabohc” prepondeiance. 


II. Embryology 


Egg cell or ovum. — Apart from cases of asexual repro- 
duction and parthenogenesis, every multicellular animal 
begins life as an egg cell with which a male cell or sperma- 
tozoon has entered into intimate union. 

The most important characteristic of the reproductive 

cells, whether male or 
female, is that they 
retain the essential 
qualities of the fer- 
tilised ovum from 
which the parent 
animal was devel- 
oped 

The ovum has the 
usual characters of a 
cell , its substance is 
traversed by a fine 
protoplasmic net- 
work , its nucleus or 

Fig 27 -Diagram of ovum, showing diffuse vesicle COn- 

yolk granules. tdiius the usual chro- 

matin elements ; it 
has often a store of 
reserve material or 
representing a cell wall 



i'v., Germinal vesicle or nucleus , c/tr , chiomatin 
elements 


yolk, and a distinct sheath 
(Fig. 27). 

In Sponges the ova are well-nourished cells in the middle 
stratum of the body ; in Coelentera they seem to arise in 
connection with either outer or inner layer (ectoderm or 
endoderm) , in all other animals they arise m connection 
with the middle layer or mesoderm, usually on an aiea of 
the epithelium lining the body cavity., In lower animals^ 
they often arise somewhat diffusely ^ in higher animals their 
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formation is restricted to distinct regions, and usually to 
definite organs — the ovaries. 

The young ovum is often amoeboid, and that of Hydra 
retains this character for some time (Fig. 70, p. 148). The 
ovum grows at the expense of adjacent cells, or by absorb- 
ing material which is contributed by special yolk glands or 
supplied by the vascular fluid of the body. 

The yolk or nutritive capital may be small in amount, 
and distributed uniformly in the cell, as in the ova of 
Mammals, earthworm, starfish, and sponge , or it may be 
more abundant, sinking towards one pole as in the egg of 
the frog, or accumulated in the centre as in the eggs of 
Insects and Crustaceans j or it may be very copious, dwarf- 
ing the formative protoplasm, as in the eggs of Birds, 
Reptiles, and most Fishes (Fig. 31). 

Round the egg there are often sheaths or envelopes of 
various kinds — \a) made by the ovum itself, and then very 
delicate (e.g, the vitelline membrane); {h) formed by ad- 
jacent cells {eg. the follicular envelope); or {c) formed by 
special glands or glandular cells in the walls of the oviducts 
{e.g the “shells” of many eggs). The envelope is often 
firm, as in the chitinous coat around the eggs of many 
Insects, and in these cases we find a minute aperture 
(micropyle) or several of them through which the sperma- 
tozoon can enter. The hard calcareous shells round the 
eggs of Birds and Tortoises, or the mermaid’s purse en- 
closing the egg of a skate, are of course formed after 
fertilisation. Egg-shells must be distinguished from egg 
capsules or cocoons, e.g. of the earthworm, in which several 
eggs are wrapped up together. 

Male cell or spermatozoon. — This is a much smaller 
and usually a much more active cell than the ovum. 
In its minute size, locomotor energy, and persistent 
vitality, it resembles a flagellate Monad, while the ovum is 
comparable to an Amoeba or to one of the more encysted 
Protozoa. 

A spermatozoon has usually three distinct parts : the 
essential “head,” consisting mainly of nucleus, and the 
mobile “ tail,” which is often fibrillated, and a small middle 
portion between head and tail, which is said to be the 
bearer of the centrosome. The spermatozoa of Thread- 
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worms and most Crustaceans are sluggish, and inclined to 
be amceboid (Fig. 28 (6, 7)). 

Both ova and spermatozoa are tiue cells, and they are 
complementary, but the spermatozoon has a longer history 
behind it (Fig. 29). The homologue of the ovum is the 
mother sperm cell or spermatogonium This segments as 
the ovum does, but the cells into which it divides have 
little coherence They go apart, and become spermatozoa. 
There is often a resemblance between the different ways 
in which a mother sperm cell divides and the various kinds 
of segmentation in a fertilised ovum. In most cases the 
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Fig. 28. — Forms of spermatozoa (not diawn to scale) 

I and 2 Immature and mature spermatoroa of snail , 3 of bird , 
4 of man {h , head , vi , middle portion , i , tail) , s of sala- 
mander, with vibratile fringe (/) , 6 of Ascans, slightly 
amoeboid with cap (c), 7 of crayfish 


spermatogonium divides into spermatocytes, which usually 
divide again into spermatids or young spermatozoa. 

Maturation of ovum. — When the egg-cell attains its 
definite size or limit of growth, it bursts from the ovary or 
from Its place of formation, and in favourable conditions 
meets either within or outside the body with a spermatozoon 
from another animal. Before the union between ovum and 
spermatozoon is effected, generally indeed before it has 
begun, the nucleus or germinal vesicle of the ovum moves 
to the periphery and divides twice. This division results in 
the formation and extrusion of two minute cells or polar 
bodies, which come to nothing, though they may linger for 



MATURATION OF OVUM. 


6i 


a time in the precincts of the ovum, and may even divide. 
The second division follows the first without the inter- 
vention of the ‘'resting stage” which usually succeeds a 
nuclear division. In most cases the division which forms 
the first polar body is a reducing or meiotic division, the 
number of chromosomes being reduced to half the number 
characteristic of the cells of the body. The extrusion of 
polar globules and the associated reduction is almost 
universal in the history of ova, but in most parthenogenetic 
ova only one polar body is formed, and there is no reduc- 
tion in the number of chromosomes. In some other cases 



F IG. 29 — Diagram of maturation and fertilisation 
(Fiom Evohttion of Sex.) 

A Primitive se\ cell, supposed to be aniccboid 
B Ovum , C formation of fiist polar body (i ^ h) \ D formation 
of second polar body (2 p i) 

B', Mother sperm cell , C' the same divided (sperm-morula) 

I)' Ball of immatuie spermatozoa sji , liberated spermatozoa 
/f. Process of fertilisation , F. approach of male and female nuclei 
within the ovum. 


the parthenogenetic ovum passes through the meiotic 
phase and forms two polar bodies. The second of these, 
however, is not liberated, but remains within the ovum and 
re-uniting with the reduced nucleus restores the normal 
number of chromosomes 

Eeducing or Meiotic Division. — In each kind of animal 
there is a definite number of chromosomes, say n, in each 
of the body-cells. In the ripe germ-cells, however, there is 
half the normal number, ”, so that when spermatozoon and 
ovum unite in fertilisation the normal number is restored. 

In the history of the germ-cells, therefore, in one way or 
another, at one stage or another, the number of chromo- 
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somes undergoes reduction to half the normal. In many 
cases this reduction comes about through a “ heterotypic ” or 
meiotic division. We give a condensed account of what 
happens in a large number of cases. 

The germ-cells grow lelatively large ; the nucleai mateiial takes the 
form of a definite number of chromatin loops j at a ceitam stage it is 
seen that the number is half what it was in more immature stages of the 
germ-cells, and half what it is in the somatic cells of the species under 
consideration. If the normal number be it is reduced to There 
has been 2tmon of chromosomes 

The chromatin-loops contract away fiom the nuclear membrane 
(synapsis) ; the chiomatin granules divide so that each loop appears 
doubly-beaded ; the ends of each loop are separated, and there are now 
n bodies with chromatin, each equivalent to a chromosome. 

The ends of the loops move apart, and, with or without a second 
synapsis, they change in shape, unite end to end, and form twin- 
bodies or gemmi, sometimes lod-like, sometimes like two brackets, 
sometimes like foui dots. 

The nuclear membrane disappears, the ^ meiotic gemini are set free, 
they become arranged on the division-spindle at right angles to the 
equatorial plane (not flat as rn ordinary karyokmesis), with their axes 
parallel to the axis of the spindle They halve as if transveisely, 
separating into two parts which go to the two poles of the spindle 
Thus each daughter-cell has ^ chromosomes. 

In the case of the ovum the meiotic division usually occuis in the 
formation of the first polar body, so that it and the reduced nucleus of 
the ovum have each ” chromosomes. There is no further i eduction in 
the foimation of the second polar body, which involves an oidinary 
equation-division. The fiist polar body often divides into two. Thus 
the result is one viable cell (the mature ovum) and thiee non-viable 
cells (the polar bodies), each with ^ chiomosomes. 

In the spermatogenesis or pioduction of spermatozoa the meiotic 
division is usually the second-last. A mother-sperm « cell” or 
speimatogonium divides into spermatocytes with w chromosomes, each 
of these divides into 2 spermatocytes with ^ chiomosomes, and these 
again divide into speimatocytes which differentiate into speimatozoa 
The result is that from each of the penultimate genciation of speimalo- 
cytes there arise foui speimatozoa, each with " chromosomes Thus 
there is a close parallelism in the maturation process rn the two sexes. 
That the fertilisation of the ovum restores the nurnbei to the normal ;/ 
IS obvious 

Part of the significance of the long circuitous piocess of meiotic 
division IS that it affords opportunity foi fresh permutations and 
combinations of hereditary qualities, foi it Seems probable that the 
chiomosomes are the beaiers of these. 
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It IS important to understand that in ordinary mitosis 01 cell-division, 
each daughter-cell gets an absolutely similar half of each chromosome 
of the mother-cell, whereas in meiotic division the daughter- cells get 
dissimilar halves. 

A very important fact, discovered by Faimei, Moore, and Walker, is 
that the meiotic phase occurs among the cells of malignant growths 
(cancel). ‘'Through the action of one or several different causes at 
present unknown, certain cells of the soma, passing out of co-oidmation, 
go through the meiotic phase and produce a numbei of generations of 
cells that live upon the parent organism in a parasitic manner.'’ 

Fertilisation. — In the seventeenth and eighteenth cen- 
turies, some naturalists, nicknamed “ ovists,” believed that 
the ovum was all-important, only needing the sperm’s 
awakening touch to begin unfolding the miniature model 
which it contained Others, nicknamed “animalculists,” 
were equally confident that the sperm was essential, though 
it required to be fed by the ovum Even after it was 
recognised that both kinds of reproductive elements were 
essential, many thought that their actual contact was un- 
necessary, that fertilisation might be effected by an aura 
seminahs. Though spermatozoa were distinctly seen by 
Hamm and Leeuwenhoek in 1679, their actual union with 
ova was not observed till 1843, when Martin Barry detected 
It in the rabbit. 

Of the many facts which we now know about fertilisation, 
the following are the most important • — 

(1) Apart from the occurrence of paithenogenesis in a 
few of the lower animals, an ovum begins to divide only 
after a spermatozoon has united with it. After one sper- 
matozoon has entered the ovum, the latter ceases to be 
receptive, and other spermatozoa are excluded. If, as 
rarely happens, several spermatozoa effect an entrance into 
the ovum, the result is usually some abnormality. It is 
said, however, that the entrance of numerous spermatozoa 
(polyspermy) is frequent in insects and Elasmobranch 
fishes. 

(2) The union of spermatozoon and ovum is very 
intimate ; the nucleus of the spermatozoon and the reduced 
nucleus of the ovum approach one another, combining to 
form a unified nucleus. 

(3) The ovum centrosome disappears before fertilisation, 
and It is a centrosome introduced by the spermatozoon that 
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divides into the two which play an important role in the 
cleavage or segmentation of the fertilised ovum 

(4) When the combined or segmentation nucleus begins 
the process of development by dividing, each of the two 
daughter nuclei which result consists partly of material 
derived from the sperm nucleus, partly of material derived 
from the ovum nucleus. In other words, the union is 




Fig 30. — Fertilisation in Ascarts megalocephala. 

— After Boveii 

I. Spermatozoon (s/) entering o\um, which contains reduced nucleus 
(iV), having given off two polai bodies {p h x and 2) 

2 Sperm nucleus upper), and ovum nucleus (iV), each with two 

chromatin elements or idants, and with centrosomes (c s ) 

3 Centrosomes (c s ) with “ archoplasmic ” threads radiating outwards 

m part to the chromosomes of the two approximated nuclei 

4 Segmentation spindle before first cleavage 

orderly as well as intimate, and the subsequent division is 
so exact, that the qualities marvellously inherent in the 
sperm nucleus (those of the male parent), and in the ovum 
nucleus (those of the mother animal), are diffused through- 
out the body of the offspring, and persist in its repioductive 
cells. 

(5) Some eggs, eg. of sea-ui chins, can be aitificially 
induced to develop without fertilisation (by being immersed 
for a couple of hours in a mixture of sea water and solution 
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of Magnesium chloride, and by other means). It seems, 
therefore, justifiable and useful to distinguish in ordinary 
fertilisation, {a) the mingling of the hereditary, qualities of 
the two parents, and {b) an exciting or liberating stimulus 
which induces the ovum to divide. It should be noted 
that the chromosomes of the spermatozoon do not fuse with 
the chromosomes of the ovum when fertilisation occurs. 
There is some evidence for the view that they remain 
distinct from one another until maturation again takes 
place, and one theory of the reduction in the number of 
chromosomes which takes place at maturation, is that it 
involves the fusion in pairs of the paternal chromosomes 
with the maternal. 

In some insects there is an accessory chromosome 
present in one half of the spermatozoa. It has been 
interpreted as an element whose presence or absence 
determines whether the offspring is to be male or female. 

Segmentation. — The different modes of division exhibited 
by fertilised egg-cells depend in great measure on the 
quantity and disposition of the passive and nutritive yolk 
material, which is often called deutoplasm, in contrast to 
the active and formative protoplasm. The pole of the ovum 
at which the formative protoplasm lies, and at which the 
spermatozoon enters, is often called the animal pole ; the 
other, towards which the heavier yolk tends to sink, is called 
the vegetative pole. In the floating ova of some fish, how- 
ever, the yolk is uppermost, and the embryonic area 
lowest. 

In contrasting the chief modes of segmentation, it 
should be recognised that they are all connected by 
gradations. 

A. Complete Division — Holoblastic Segmentation 

(1) Eggs with little and diffuse yolk mateiial divide completely into 

approximately equal cells, 

[or, Ova which are alecithal (z e, without yolk) undergo approxi- 
mately equal holoblastic segmentation]. 

This IS illustrated in most Sponges, most Coelentera (Figs. 
31 (i) and 32), some “ Worms,” most Echinoderms, some 
Molluscs, all Tunicates, Amphioxtts^ and most Mammals. 

(2) Eggs with considerable yolk mateiial accumulated towards one 

pole, divide completely, but into unequal cells. 
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[01, Ova with a considerable amount of deutoplasm lying towaids 
one pole (telolecithal), undeigo unequal holoblastic segmenta- 
tion]. 

This IS illustrated in some Sponges, some Ccelentera {e g 
Ctenophoia), some “ Woims,” many IMolluscs, the lamp- 
ley, Ganoid Fishes, Dipnoi, Amphibians (Fig. 31 (2)) 

B. Partial Division — Meroblastic Segmentation 

(3) Eggs with a laige quantity of yolk on which the formative 

piotoplasm lies as a small disc at one pole, divide paitially, 
and in discoidal fashion, 

[01, Ova which are telolecithal, and have a laige quantity of 
deutoplasm, undergo meioblastic and discoidal segmentation]. 

This IS illustrated in all Cuttle-fishes, all Elasraobranch and 
Teleostean P’lshes, all Reptiles and Birds (Fig 31 (3)), 
and also in the Monoti ernes or low^est Mammals. 

(4) Eggs with a consideiable quantity of yolk accumulated in a 

cential coie and sunounded by the formative protoplasm, 
divide partially, and superficially 01 peripherally, 

[01, Ova which aie centiolecithal undeigo meroblastic and super- 
ficial segmentation] 

This IS illustiated by most ikithropods (Fig. 31 (4)), and 
by them alone 

Blastospliere and morula. — The result of the division is 
usually a ball of cells. But when the yolk is very abundant 
(3), a disc of cells — a discoidal blastoderm — is formed at 
one pole of the mass of nutritive material, which it gradually 
suriounds 

As the cells divide and redivide, they often leave a large 
cential cavity — the segmentation ca\ity — and a hollow ball 
of cells — a blastosphere or blastula — results. 

But if the so-called “segmentation cavity” be very small 
or absent, a solid ball of cells or morula, like the fruit of 
bramble or mulberry, results. 

Gastrula. — The next great step in development is the 
establishment of the two primary germinal layers, the outer 
ectoderm and the inner endodeim, or the epiblast and the 
hypoblast. 

One hemisphere of the hollow ball of cells may be appar- 
ently dimpled into the other, as we might dimple an india- 
rubber ball which had a hole in it. Thus out of a hollow 
ball of cells, a two-layered sac is formed— a gastrula formed 
by invagination or emboVe (Fig. 32). The mouth of the 
gastrula is called the blastopore, its cavity the archenteron 
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But where the ball of cells is practically a solid morula, 
the apparent in-dimpling cannot occur in the fashion de- 
scribed above. Yet in these cases the two-layered gastrula 



Fig. 32 — Life history of a coial, Monoxema dai wmtt, 
— Fiom Flaeckel. 

A, B 0\um C, Division into two D, four-cell sta^je. E, Blas- 
tula F, Free-swimming blastula with cilia G, Section of 
Llastula H, Beginning of invagination I, Section of com- 
pleted gastrula, showing ectoderm, endoderm, and archenteron 
K, F ree-swimming ciliated gastrula 
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is still formed. The smaller, less yolk-laden cells, towards 
the animal pole, gradually grow round the larger yolk-con- 
taming cells, and a gastrula is formed by overgrowth 01 
epibolL 

In various ways the ectoderm and the endoderm are 
established, either by some form of gastrulation, or by some 
other process, such as that called delammation (see p 1 63) 

Mesoderm. — Nq are not yet able to make general state- 
ments of much value in regard to the origin of the middle 
germinal layer— the mesoderm or mesoblast In Sponges 
and Coelentera it is not a distinct layer except in Cteno- 
phora, being usually represented by a gelatinous material 
\mesogIxd) which appears between ectoderm and endoderm, 
and into which cells wander from these two layers In the 
other Metazoa, the middle layer may arise from a few 
primary mesoblast^; or cells which appear at an early stage 
between the ectoderm and endoderm {eg. in the earth- 
worm’s development); or from numerous meseiickyme^^ 
immigrant cells, which are separated from the walls of the 
blastula or gastrula {e.g. in the development of Echino- 
derms) , or as coelom pouches — outgrowths from the en- 
dodermic lining of the gastrula cavity {eg in Sagitta, 
Ba/anog/ossus, Afuphtoxiis) ^ or by combinations of these 
and other modes of origin. The mesoderm lies or comes 
to lie between ectoderm and endoderm, and it lines the 
body cavity, one layer of mesoderm (parietal or somatic) 
clinging to the ectodermic external wall, the other (visceral 
or splanchnic) cleaving to the endodermic gut and its 
outgrowths. 

Origin of organs. — From the outer ectoderm and inner 
endoderm, those organs arise which are consonant with the 
position of these two layers, thus nervous system from the 
ectoderm, digestive gut from the endodeim. The middle 
layer, which begins to be developed in “Worms,” assumes 
some of the functions, eg. contractility, which in Sponges 
and Coelentera are possessed by ectoderm and endoderm, 
the only two layers distinctly represented in these classes 

In a backboned animal the embryological origin of the 
organs is as follows : — 

{a) From the ectoderm or eptUast arise the epidermis 
and epidermic outgrowths, the nervous system, the 
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j nost essen tialjpartsjDf the ^ns^rgaps, mfoldnigs 
^3L§i^ber_ead„oL the gut (fQte-gut_,<Dr stomod^m 
apdjMd;^upor_prpcto 

(/;) From the endoder m or JiypoMast aiise the mid-gut 
(mesenteron) and the foundatldns^^pf its ouh 
growths {e,g th ~e~lu^s, Fiver, allan toi5^etc.u>-_Q£ 
" ETghS^V ert ebrates), also the axial r^d or noto- 
dhor d^ “““ “ 

(c) From^F^ ^mesoderm or ^jiesohlast arise all other^s truc- 
tums., dermis, muscles, conn ective Tissue, bony 
slcele tpii^t he lining of the body cavTty7”a^' tEe 
vajx:ailaj:'.a: ^ This layer aids irTTH e foi matiop 
of organs originate d b yi-lhe other tw o “ “With r f 

the repr oductive organs are associat ed. Xon- 

nective Jis^ ^es, vascular system, and .. unstnped 
muscle s a re formed by me senchyme cells w^ch 
“arFBudded off from t he true mesodernn 

Physiological embryology — Of the physiological conditions of develop- 
ment we know relatively little To investigate them is one of the 
tasks of the futiiie Why does the fertilised egg-cell divide, how does 
the yolk affect segmentation, what aie the conditions of the infolding 



33 — Embryos— (i) of bird; ( 2 ) of man.— Aftei His 
The latter about twenty-seven days old 
y s , Yolk-sac , pi , placenta 


which foims the endoderm, and of the outfolding which makes the 
coelom pouches , m slioit, what aie the immediate conditions of each 
step ill the familial process by which, out of appaient simplicity, obvious 
complexity aiises^ 

Generalisations. — (i) The ovum theory or cell theory . — 
All many-celled animals, produced by sexual reproduction, 
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begin at the beginning again. “ The Metazoa begin where 
the Protozoa leave off” — as single cells. Fertilisation does 
not make the egg cell double ^ there is only a more com- 
plex and more vital nucleus than before All development 
takes place by the division of this feitilised egg-cell and its 
descendant cells. 

(2) The gastraa theory — As a two-layeied gastrula stage 
occurs, though sometimes disguised by the presence of much 
yolk, in the development of the majority of animals, Haeckel 
concluded that it represents the individuaFs recapitulation 
of an ancestral stage. He suggested that the simplest stable, 
many-celled animal was like a gastrula, and this hypo - 
^eticM ancestor of all Metazoa he called a gasTr^a. TFe 
gastrula is, on this view7 the individual animaFs recapitula- 
tion of the ancestral gastraea. Rival suggestions have been 
made perhaps the original Metazoa were balls of cells like 
Volvox (Fig. 43), with a central cavity in which repro- 
ductive cells lay , perhaps they weie like the planula larvae 
of some Coelentera — two-layered, externally ciliated, oval 
forms without a mouth 

(3) The idea of recapitulatioii . — It is a matter of experi- 
ence that we recapitulate in some measure the history of 
our ancestors Embiyologists have made this fact most 
vivid, by showing that the individual animal develops along 
a path the stations of which correspond to some extent 
with the steps of ancestral history. 


(1) The simplest animals aie single 

cells (Protozoa) 

(2) The next simplest are balls of 

cells {eg. Voluox). 

(3) The next simplest aie two- 

layeied sacs of cells {eg 
Hydra). 


(1) The first stage of development 

IS a single cell (fertilised 
oinim). 

(2) The next is a ball of cells 

(blastiila or morula). 

(3) The next is a two-layered sac 

of cells (gastrula) 


Von Baer, one of the pioneer embryologists, acknow- 
ledged that, with several very young embryos of higher 
Vertebrates before him, he could not tell one from the 
other. Progress in development, he said, was from a 
general to a special type. In its earliest stage every 
organism has a great number of characters in common 
with other organisms in their earliest stages; at each 
successive stage the series of embryos which it resembles 
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IS narrowed The rabbit begins like a Protozoon as a 
single cell; after a while it may be compared to the 
young stage of a very simple vertebrate^ afterwards, to 
the young stage of a reptile, afterwards, to the young 
stage of almost any mammal; afterwards, to the young 
stage of almost any rodent; eventually it becomes un- 
mistakably a young rabbit. 

Herbert Spencer expressed the same idea, by saying that 
the progress of development is from homogeneous to 
heterogeneous, through steps in which the individual 
history is parallel to that of the race But Haeckel has 
illustrated the idea more vividly, and summed it up more 
tersely, than any other naturalist. His “fundamental 
biogenetic law” reads “ Ontogeny, or the developmen t 
of the individual, is a shortene dj:£cafi itulation_af phylog em, 
or the evolution ofj:he race.” 

iTTs hardly necessary to say that the young mammal is 
never like a worm, or a fish, or a reptile. It is at most 
like the embryonic stages of these, and it may also be 
noticed that, as our knowledge is becoming more intimate, 
the individual peculiarities of different embryos are be- 
coming more evident But this need not lead us to deny 
the general resemblance 

Moreover, the individual life history is much shortened 
compared with that of the race. Not merely does the one 
take place m days, while the other has progressed through 
ages, but stages are often skipped, and short cuts are dis- 
covered. And again, many young animals, especially those 
“ larvae ” which are very unlike their parents, often exhibit 
characters which are secondary adaptations to modes of 
life of which their ancestors had probably no experience 
In short, the individual’s recapitulation of racial history is 
general, but not precise. It is seen rather in the stages 
in the development of organs (organogenesis) than in the 
development of the organism as a whole. 

(4) Organic continuity between generations. — Heredity . — 
Everyone knows that like tends to beget like, that offspring 
resemble their parents and their ancestors. Not only 
are the general characteristics reproduced, but minute 
features, idiosyncrasies, and pathological conditions, inborn 
in the parents, may recur in the offspring. 
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At an early stage m the development of the embryo the 
future reproductive cells of the organism aie often dis- 
tinguishable from those which are forming the body. 
These, the somatic cells, develop in manifold variety, and, 
as division of labour is established, they lose their likeness 
to the fertilised ovum of which they are the descendants. 
The future leproductive cells, on the other hand, are not 
implicated in the formation of the “ body,” but, remaining 
virtually unchanged, continue the protoplasmic tradition 
unaltered, and are thus able to start an offspring which 
will resemble the parent, because it is made of the same 
protoplasmic material, and develops under similar con- 
ditions. 

An early isolation of reproductive cells, directly con- 
tinuous and therefore presumably identical with the original 
ovum, has been observed m the development of some 
“ worm types ” — {Saj^itta^ Thread-worms, Leeches, Polyzoa), 
and of some Arthropods {eg Moma among Crustaceans, 
Chironomus among Insects, Phalangidse among Spiders), 
m Micrometrus aggregatus among Teleostean fishes, and 
with less distinctness in some other animals. A cell which 
will give rise to the germ-cells can be recognised in the 
gastrula stage of Cyclops^ and in the very first segmentation 
stages of the thread-worm Ascar/s. 

In many cases, hoivever, the reproductive cells are not 
recognisable until a relatively late stage m development, 
after differentiation has made considerable progress. 
Weismann gets over this difficulty by supposing that the 
continuity is sustained by a specific nuclear substance — 
the germ-plasm — wffiich remains unaltered in spite of the 
differentiation m the body. It is perhaps enough to say 
that, as all the cells are descendants of the fertilised ovum, 
the reproductive cells are those which retain intact the 
qualities of that fertilised ovum, and that this is the reason 
why they are able to develop into offspring like the 
parent. 

Finally, it may be noticed in connection with heredity, 
that there is great doubt to what extent the “body” can 
definitely influence its own reproductive cells. Animals 
acquire individual bodily peculiarities in the course of 
their life, as the result of what they do or refrain from 
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doing, or as dints from external forces. The “body” is 
thus changed, but there is much doubt whether the lepro- 
ductive cells within the “body” are affected specifically by 
such changes. Weismann denies the transrnissibility of 
any chaiacters except those inherent in the fertilised egg- 
cell, and therefore denies that the influences of function 
and environment are, or have been, of diiect importance 
in the evolution of many-celled animals. Such influences 
affect the body\ and produce what are technically called 
modifications p but these modifications do not affect the 
reproductive cells — at least not in a specific representative 
way. Therefoie modifications are not likely to be trans- 
mitted, and there seems no good evidence to show that 
they are. Many of the most authoritative biologists aie at 
present of this opinion. On the other hand, many still 
maintain that profound changes due to function or enviiom 
ment may saturate thiough the organism, and affect ihe 
reproductive cells in such a way that the changes or 
modifications m question are in some measure transmitted 
to the next geneiation The question remains under dis- 
cussion, but the probabilities are strongly against the 
transrnissibility of acquired characters 

It is impoitant to try to distinguish different modes of 
hereditary resemblance The characters of the two paients 
may be blended m the offspring, or those of one parent 
may find predominant expression {exclusive inheritance), or 
the characters of one parent may be expressed in one part 
of the offspring and those of the other parent in another 
{particulate inheritance). 

Another important inquiry is into the share that the 
various ancestors have on an average m forming any indi- 
vidual inheritance. The inheritance of an animal repro- 
duced in the ordinary way is always dual^ partly maternal 
and partly paternal, but through the parents there come 
contributions from grandpaients, etc Galton’s Law of 
Ancestral Diheritance states that “The two parents con- 
tribute between them, on the average, one half of the total 
heritage, the four grandpaients, one quarter; the eight 
great-grandparents, one eighth, and so on.” 

Another generalisation of gteat interest is Mendel’s Law, 
which seems to apply to ceitain cases, eg, peas, stocks. 
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mice, and rabbits In its simplest expression the law may 
be stated as follows . — If ^ be a well-established, puie-bred 
variety with a certain character, eg, of stature or colour, 
and B be another well-established variety in which the 
corresponding character is different, and if A and B are 
crossed, the hybrid offspring {S) will usually resemble one 
of the parents in the particular distinguishing character. 
The character which finds expression is called the dominant , 
the character which remains latent m the hybrids is called 
the recessive. Now, if the hybrids are bred togethei, their 
descendants will be of two kinds, some like the dominant 
grandparent, some like the recessive grandparent. When 
those like the recessive grandparent are in-bred, they yield 
only lecessives. When those like the dominant grand- 
parent are in-bred, some yield pure dominants only — that 
is, forms which if in-bred yield only dominants , but others 
yield apparent dominants like the original hybrid — that is, 
with the power of throwing off when in-bred more pure 
dominants, more pure recessives, and more apparent 
dominants like the original hybrid The results tend to 
be always m the proportion 1A-I-2A + as regards 

the two contrasted characters of A and B. 

Two diagrams (after T. H. Morgan and R C. Punnett) 
may make the matter clearer. 


A B 


A (B) 


I A 2 A (B) I B 


I A 2 A (B) I B B 


/ 


B B 
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Heredity may be defined as the relation of genetic 
continuity between successive generations, and inheiitance 
as all that the oiganism is or has to start with in virtue 
of this hereditary relation Development is the expie&sion 
or realisation of the heritable qualities which have theii 
physical basis in the germ cells, and it presupposes an ap- 
propriate environment of nutrition and “libeiating stimuli,” 
— “ nurture ” m the widest sense. What the organism 
becomes is the resultant of two components, inherited 
‘‘ nature ” and external ‘‘ nurture ” 



CHAPTER V 
PAST HISTORY OF ANIMALS 
(Paleontology) 

In the two preceding chapters we have noticed two of the 
great recoids of the history of animal life, — that preserved 
in observable structures, and the modified recapitulation 
discernible in individual development ; in this we turn to 
the third — the geological record. In the early da} s of the 
Evolution theory the modern science of Embryology was 
still in its infancy, and could furnish few arguments, and it 
was the opponents of the new theory rather than its sup- 
porters who appealed to Paleontology. They asserted that 
the palaeontological facts refused to lend the support which 
the theory demanded. To their attacks the evolutionists 
usually replied by pointing out that the geological record 
was very incomplete. The numerous investigations which 
have since been carried on on all sides now show con- 
clusively that it was imperfection rather of knowledge than 
of the record which produced the negative results. We 
must, however, still acknowledge that, except in a few 
cases, there is but little certainty as to the precise pedi- 
gree of living animals, and seek for reasons to explain 
this. 

“Imperfection of the geological record.” — If we re- 
member the rule of modern Geology, that the past is to 
be interpreted by the aid of the present, there can be no 
difficulty in realising that the chances against the preserva- 
tion of any given animal are very great. Many are destroyed 
by other living creatures, or obliterated by chemical agencies. 
Except in rare instances, only hard parts, such as bones, 
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teeth, and shells, are likely to be preserved, and this at once 
greatly limits the evidential value of fossils. The primitive 
forms of life would almost certainly be without hard parts, 
and have left no trace behind them. A number of ex- 
tremely interesting forms, such as many worms and the 
Ascidians, are, for the same reason, almost unrepresented 
m the rocks. Finally, we cannot suppose that such an 
external structure as a shell can always be an exact index of 
the animal within 

After fossilisation has taken place, the lock with its con- 
tents may be entiiely destroyed by subsequent denudation, 
or so altered by metamorphic changes that all trace of 
organic life disappears Of those fossils which have been 
preserved only a small percentage aie available, for vast 
areas of fossiliferous rocks are covered over by later deposits, 
or now lie below the sea or m areas which have not yet 
been explored. 

With all these causes operating against the likelihood of 
preservation, and of finding those forms that may have been 
preserved, it is little wonder if the geological record is 
incomplete; but such as it is, it is in general agreement 
with what the other evidence, theoretical and actual, leads 
us to expect as to the relative age of the gieat types of 
animal life. Further, those specially favourable cases which 
have been completely worked out have yielded lesults which 
strongly support the general theory. 

Probabilities of fossils.” —But it will be useful to note the 
piobabilities of a good lepiesentation of extinct foims in the various 
classes of animals Thus among the Protozoa the Infusoiia have no 
very hard paits, and have therefore almost no chance of pieservation, 
and the same may be said of forms like Amoebse ; wFile the Foiamin- 
ifeia and the Radiolaria, having haid stiuctures of lime oi silica, have 
been 'well preserved The flinty Sponges aie well leprcsented by their 
spicules and skeletons. Of the Coelentera, except an extinct older 
known as Giaptohtes, only the vaiious forms of coial had any paits 
readily capable of preseivation, and lemains of these are veiy abundant 
in the locks of many ancient seas. But, strange as it may seem, some 
beautiful vestiges of jelly-fish have been discoveied. 

Of the great senes of worms,” only the tube-makeis have left 
actual lemains ; the otheis aie known only by their tracks, while of 
any that may have lived on the land theie is no evidence. 

The Echinodeims, because of their hard parts, aie well represented 
in all their oiders, except the Holothurians, wheie the calcareous 
structures characteiistic of the class are at a minimum. 
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The Crustacea, being mostly aquatic, and in viitue of their hard 
shells, aie fossilised in great numbeis 

The Arachnida and the Insects, owing to then an -breathing habit, 
aie chiefly lepresented by chance indmduals that have been drowned, 
or enclosed within tiee-stumps and ambei 

The Molluscs and Biachiopods are perhaps bettei preserved than 
any othei animals, since nearly all of them are possessed of a shell 
specially suitable for pieservation. 

Among the Vertebrates some of the lowest are without scales, teeth, 
or bony skeleton , such forms have therefore left almost no traces 
Fishes, which are usually furnished with a firm outer coverrng, or 
with a bony rnternal skeleton, or with both, are well represented. 

The primitive Amphibians w^eie furnished with an exoskeleton of 
bony plates, and are faiily numerous as fossils. The bones and teeth 
of the others have been fossilised, though more rarely Of some the 
only record is their footprints. 

The traces of Reptilia depend upon the habits of the various orders, 
those living in water being oftenest preserved, but the strange fl>ing 
Reptiles have also left many skeletons behind them 

Of the Birds, the wingless ones aie best represented, and then those 
that lived near seas, estuaries, or lakes 

The hisLoiy of Mammals is very impeifect, for most of them w'ere 
terrestrial. But the discoveries of Marsh, Cope, and others show' how' 
much may be found by careful search The aquatic Mammals aie 
fairly well preserved. 

“Palaeontological series.'’ — In spite of the imperfection 
of the “geological record,” m spite of the conditions un- 
favourable to the preservation of many kinds of animals, it 
is sometimes possible to trace a whole series of extinct forms 
through progressive changes. Thus a series of fossilised 
fresh-water snails {Plano?'his) has been worked out, the 
extremes are very different, but the intermediate forms link 
them indissolubly by a marvellously gradual series of transi- 
tions The same fact is well illustrated by another series of 
fresh-water snails (Faludtna, Fig. 34), and not less strikingly 
among those extinct Cuttle-fishes which are known as 
Ammonites, and have perfectly preserved shells Similarly, 
though less perfectly, the modern crocodiles are linked by 
many intermediate forms to their extinct ancestors, for it is 
impossible not to call them by that name. In short, as 
knowledge increases, the evidence from Palaeontology 
becomes more and more complete. 

In a general way it is true that the simpler animals pre- 
cede the more complex in history as they do in structural 
rank, but the fact that all the great Invertebrate groups are 
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represented in the oldest distinctly stratified and fossiliferous 
rocks — the Cambrian system — shows that this correspond- 
ence is only roughly true. To account for this, we must 
remember that almost the whole mass of the oldest rocks, 
known as Archaean or Pre-Cambrian, has been so pro- 
foundly altered, that, as a rule, only masses of marble and 
carbonaceous material are left to indicate that forms of life 
existed when these rocks were laid down. Careful searching 
in Pre-Cambrian beds has revealed the presence of several 
Molluscs, a Eurypterid, and a fragment of Tiilobite There 
are also “annelid tracks” indicative of life. 



Fig. 34 — Gradual transitions between Pahidma 
neumayn [a], the oldest form, and Faindzna 
Iiccrnesi {j ). — From Neumayi. 


Extinction of types. — Some animals, such as some of 
the lamp-shells or Brachiopod^, have persisted from almost 
the oldest ages till now, and most fossilised animals have 
modern representatives which we believe to be their actual 
descendants. That a species should disappear need not 
surprise us, if we believe in the “ transformation ” of one 
species into another. The disappearance is more apparent 
than real : the species lives on in its modified descendants, 
“ different species ” though they be. 

But, on the other hand, there are not a few fossil animals 
which have become wholly extinct, having apparently left 
no direct descendants. Such are the Graptolites, the 
ancient Trilobites, their allies the Euryptends, two classes 
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of Echinoderms (Cystoids and Blastoids), many giant 
Reptiles, and some Mammals 

It IS almost certain that there has been no sudden 
extinction of any animal type. There is no evidence of 
universal cataclysm, though local floods, earthquakes, and 
volcanic eruptions occurred in the past, as they do still, 
with disastrous results to fauna and flora In many cases 
the weaning away of an order, or even of a class of animals, 
may be associated with the appearance of some formidable 
new competitors , thus cuttle-fish would tend to exterminate 
Tnlobites, just as man is rapidly and often inexcusably 
annihilating many kinds of beasts and birds. Apart from 
the struggle with competitors, it is conceivable that some 
stereotyped animals were unable to accommodate them- 
selves to changes in their surroundings, and also that some 
fell victims to their own constitutions, becoming too large, 
too sluggish, too calcareous, — in short, too extreme. 

Appearmice of animals in time . — Such tables as those given heie aie 
apt to be misleading, in that they convey the impiession that the gieat 
types of structure have appealed suddenly It must be noted that any 
apparent abiuptness is merely due to incompleteness of knowledge or 
inaccuracy of expression The table is a meie list of a few important 
historical events, but one must fully lealise that they are not isolated 
facts, that the present lay hidden m the past and has giaduall} grown 
out of it Of the lelative length of the peiiods repiesented htre we 
know almost nothing, and we aie also ignoiant of the earliest ages in 
which life began But the general result is cleai. We find that in the 
Cambiian rocks, before Fishes appeared, the great Inveitebrate classes 
were represented, though as yet but feebly. As we pass upwaids they 
increase m numbei and in differentiation Again, Fishes precede 
Amphibians, Amphibians are historically older than Reptiles, and many 
types of Reptiles aie much older than Birds. In short, in the course 
of the ages life has been slowly creeping upwards. 


6 


[Tables. 



Pj-zinn-T-y 07 Pa-leeozoic. I S tcotida.7y 

- W O I Mesozoic. 


FAST HISTORY OF ANIMALS. 


Quaternary or 
Post-Tertiary 


Pliocene 


S) 

§ S M locene 




Eocene 


Cretaceous 


Jurassic 


Triassic 


Permian 


?aiboniferous 


evonian or Old 
Led Sandstone 


Silurian 


Ordovician. 


Teleo 

steans 


Dipnoi 


iGanoid'; 

and 

Elasmo' 

Ibranchs 


Cambiian 


Representa-j 
tn es of all 
the chief! 
classes off 
I n V e r t e- 
brates 


Pre-Camhrian 
or Archsean 















Primary or Palaiozoic, I Secondary or | Tertiary or 

\ ' I Mesozoic I Cainozoic. 


APPEARANCE IN TIME 


83 


Ccelentera Echinoderma Arthropoda Cephalopoda 


Quaternary 01 Post- 
Tertiaiy 

Pliocene 

Miocene. 

Eocene 

Cietaceous 

Jniassic. 

Triassic 

Permian 

Carbonifeious 

Devonian or 
Old Red Sandstone. 

Silurian 

Ordovician 

Cambiian 



Pre-Cambrian 01 
Aichsean 













CHAPTER VI 

THE DOCTRINE OF DESCENT 

When we ask, as we are bound to ask, how the living plants 
and aniinals that we know have come to be what they are — 
very numerous, very diveise, very beautiful, marvellous in 
their adaptations, harmonious in their parts and qualities, 
and approximately stable from generation to generation — 
we may possibly receive three answers. According to one, 
the plants and animals that we know have always been as 
they are , but this is at once contradicted by the record in 
the rocks, which contain the remains of successive sets of 
plants and animals very different from those which now live 
upon the earth According to another, each successive 
fauna and flora was destroyed by mundane cataclysms, to 
be replaced in due season by new creations, by new forms 
of life which arose after a fashion of which the human mind 
can form no conception. Of such cataclysms there is no 
evidence, and if it be enough to postulate one creation, we 
need not assume a dozen. The third answer is, that the 
present is the child of the past in all things : that the plants 
and animals now existing arose by a natural evolution from 
simpler pre-existing foims of life, these from still simpler, 
and so on back to a simplicity of life such as that now 
represented by the very lowest oiganisms. 

This third theoiy is really an old one ; it is merely man’s 
application of his idea of human history to the world around 
him. It was maintained with much concreteness and 
power by Buffon (1749), by Erasmus Darwin (1794), and 
by Lamarck (1801). Yet m spite of the labours of these 
thoughtful naturalists and of many others, the general idea 
of the natural descent of organisms from simpler ancestors 
was not received with favour until Darwin, in his Ortgzn 
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of Species (1859), made it current intellectual coin By 
his work, and by that of Spencer, Wallace, Haeckel, Huxley, 
and many others, the doctrine of descent, the general fact 
of evolution, has been established, and is now all but 
universally recognised. 

The chief arguments which Darwin and others have 
elaborated in support of the doctrine of descent, according 
to which organisms have been naturally evolved from simpler 
forms of life, may be ranked under three heads — {a) struc- 
tural, (h) physiological, {c) historical. 

Evidences of evolution. — [a) StructiiraL — Some say that 
there are over a million living animals of different species. 
In any case, there are many myriads These species are 
linked together by varieties which make strict severance 
often impossible ; they can be rationally arranged in genera, 
orders, families, and classes, between which there are not a 
few remarkable connecting links , there is a gradual increase 
of complexity from the Protozoa upwards along various 
lines of organisation , it is possible to rank them all on a 
hypothetical genealogical tree (Fig. 18). A little practical 
experience makes one feel that the facts of classification 
favour the idea of common descent 

Throughout vast series of animals we find m different 
guise essentially the same parts twisted into most diverse 
forms for different uses, but yet referable to the same funda- 
mental type. It is difficult to understand this ‘‘adherence 
to type, this “homology” of organs, except on the theory 
of natural relationship. 

There are many rudimentary organs in animals, especially 
in the higher animals, which remain very slightly developed, 
and which often disappear without having served any 
apparent purpose Such are the “gill-slits” or “visceral- 
clefts ” in Reptiles, Birds, and Mammals, the teeth of young 
whalebone whales, the pineal body (a rudimentary eye) in 
Vertebrates. Only on the theory that they are vestiges of 
structures which were of use in ancestors are these rudiments 
intelligible. They are relics of past history, comparable, as 
Darwin said, to the unpronounced letters in many words. 

(b) Physiological — Observation shows that animals are to 
some extent plastic. In natural conditions they usually 
exhibit some measure of changefulness from generation to 
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generation. This is especially the case if one section of a 
species be in any way isolated from the rest, or if the animals 
be subjected in the course of their wanderings to novel 
conditions of life 

The evidence from domesticated animals is very convinc- 
ing. By careful interbieeding of varieties which pleased his 
fancy or suited his purpose, man has produced numerous 
breeds of hoises, cattle, sheep, and dogs, which are often 
distinguished from one anothei by structuial differences 
more profound than those which sepaiate two natural 
species. In great measure, however, domestic breeds are 
fertile with one another, while different species rarely are. 
The numerous and veiy diverse bieeds of domestic pigeons, 
which are all derived from the rock-dove ( Cohmba livia)^ 
vividly illustrate the plasticity or variability of organisms. 

It sometimes happens that the offspring of an animal 
resemble not so much the parent as some other form be- 
lieved or known to be ancestral Thus a blue pigeon like 
the ancestral Columba Iwia may be hatched in the dovecot. 
Such reversions aie not readily intelligible except on the 
theoiy of descent, 

(c) Historical . — Among the extinct animals disentombed 
from the rocks, many form senes by which those now 
existing can be linked back to simpler ancestors. Thus 
the ancient history of horses, crocodiles, and cuttle-fish is 
known with a degree of completeness which makes it almost 
certain that the simpler extinct forms were in reality the 
ancestors of those which no\v live Moreover, that many 
connecting links have been discovered in the rocks, and 
that the higher animals appear gradually in successive 
periods of the earth’s history, are strong corroborations of 
the theory 

It is less easy to state in a few words how the facts of 
geographical distribution, or the history of the diffusion of 
animals from centres where the piesumed ancestral forms 
are or were most at home, favoui the doctrine of descent. 

The individual life history of an animal — often strangely 
circuitous or indirect — is interpretable as a modified re- 
capitulation of the probable history of the race. 

Such, in merest outline, is the nature of the evidence 
which leads us to conclude that the various forms of life 
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have descended or have been evolved from simpler ancestors, 
and these from still simpler, and so on, back to the mist of 
life’s beginnings. None of the evidence is logically demon- 
strative; we accept the evolution idea because it is a 
plausible interpretation which is applicable to many orders 
of facts, and is contradicted by none. 

In accepting the evolutionist interpretation naturalists are 
unanimous , but m regard to the manner in which the 
modification of species or the general ascent of life has 
been brought about, there is much difference of opinion. 
The fact of evolution is admitted , debate goes on with 
regard to the factors (see Chapter XXVIII). 



CHAPTER VII 

PHYLUM PROTOZOA— THE SIMPLEST 
ANIMALS 

Chief Divisions 

Rhizopods : C!as<:es — Lobosa, Heliozoa, Foraminifera, Radio- 

LARIA, etc 

Infusorians. Classes — Flagellata, Ciliata, Acinetaria, 
etc 

Sporozoa . Several Classes. 

The Protozoa are the simplest animals, and they are of 
peculiar interest on this account. They throw light upon 
the beginnings of organic structure and vital activity, and 
they give us hints as to the nature of the hist forms of life, 
of which we can know nothing directly. Almost all the 
Protozoa are single cells, unit masses of living matter , and 
in virtue of their simplicity, they are in some measure 
exempt from natuial death, which is “ the price paid for a 
body ” In their variety they exhibit, as it were, a natural 
analysis of the higher animals, which are built up of many 
diverse cells. 


General Characters 

The Protozoa^ the sim;^lest and most p7'inntive animals^ 
are usually very small single cells. Most of them feed on 
small pla?its or on other Protozoa^ or on dtbi'is^ and ?iot a 
few are parasitic. Most of them live in water, but many can 
endure dryness for some time. In one series (^Rhizopods) 
the living matter is without any rind, and flows out in more 
or less changeful threads and lobes, by the movements of which 
the animals engulf their food and glide along. The others 
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have a definite mid^ which m a large miniher {Infusorians) 
bears motile cilia or flagella^ but in the oihei's {Sporozoa) 
is usually without locomotor structures But these three 
phases — amoeboid^ ciliate or flagellate^ and encysted — may 
occur m the life history of one form ^ and the three mam 
lines of evolution — Bhizopods, Infusorians^ and Sporozoa — are 
marked by the predominant occurrence of the amoeboid^ ciliate 
or flagellate^ and encysted phase of cell life Many have a 
skeletal framework^ — of hme^ flinty or other material^ — while 
within the cell there is a special kerfiel or nucleus^ or there 
may be several. There are also other less constant structures, 
A Brotozoon 7 nultiplies by dividing into two daughter units^ 
or into a large nuniber , and two individuals often unite^ 
temporarily or permanently,^ in conjugation,^ which is analogous 
to the union of ovum and spermatozoon in higher animals, 
A few iypes^ instead of remainmg single cells^ form by 
division or budding loose colonies^ taking a step, as it were, 
towards the Metazoa, but fiever forming differentiated tissues. 


First Type of Protozoa — Aimceba 

Amoeba, a type of Rhizopods, especially of those in which 
the outflowing processes of living matter {pseudopodia) are 
blunt and finger-like (Lobosa). 

Description. — Amoeba proteiis and some other species are 
found in the mud of ponds ^ A terricola occurs in damp 
earth. Some are just large enough to be seen with the 
unaided eye. The diameter is often about one-hundredth 
of an inch. Each is a unified corpuscle of living matter, 
and glides over the surface of stone and plant by protruding 
and retracting the pseudopodia. As they move the shape 
constantly changes, whence the old (1755) name of “Proteus 
animalcule ” Round the margin, which may show an 
apparent radial striation, the cell substance is firmer and 
clearer than it is in the interior, where it is more fluid, but 
contains very abundant granules, some of which are of 
a proteid, and others of a fatty nature. In the centre of 
the cell lies the usually single nucleus. The food consists 
of minute Algae, such as diatoms, or of vegetable debris. 
There is reason also to suspect cannibalism. The food 
is surrounded by the finger-like processes, and engulfed 
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along with drops of water, which form food vacuoles in the 
cell substance. Into these vacuoles digestive feiments flow. 
After the digestible parts of the food have been absorbed, 
the undigested residue is got rid of at any point of the 
protoplasm. One or moie contractile vacuoles are visible 
in the cell substance. They have an excietory function, 
and serve to get rid of the finer waste products. 

Life history. — In favourable nutntive conditions the 
Amoeba grows At the limit of growth it reproduces by 
dividing into two. In disadvantageous conditions, such as 
drought, It may become globular, and, secreting a cell wall 
or cyst, he dormant for a time. The cyst wall is said to be 
chitmoid. With the return of favouiable conditions the 



Fig 35. — I.ife histoiy of Amce 5 a. 

1 Amceba with pseudopoclia , n , nucleus, c v , contiactile vacuole 2 Division 
in two 3 Encystation 4 Escape of Amoiba ft oiu its cyst 

Amoeba revives, and, bursting from the cyst with renewed 
energy, recommences the cell-cycle The conjugation of 
two Amoebae has been observed, and spoie -formation 
occasionally occurs. 


Second Type of Protozoa — Actinophrys 

The Sun-animalcule, Actmophrys sol^ is a type of the 
Hehozoa 

Description. — Like most other Hehozoa, Actinophrys 
lives m fresh water, floating about or rolling over the 
bottom. It IS spherical and minute, measuring at most 
0*05 mm. in diameter. Long stiff pseudopodia radiate 
out from the body A clear axial filament runs up each 
pseudopodium, and the small organisms on which Actino- 
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phrys feeds are paralysed when they come m contact with 
the pseudopodia. 

The body consists of ectoplasm and endoplasm. The 
ectoplasm is a thick external layer closely packed with 
large vacuoles, which are non-contractile and contain a 
deal fluid. But food vacuoles are formed as in other 
Protozoa, and there is also a single contractile vacuole. 
The endoplasm forms the central mass It is not 
vacuolated, and contains the large, centrally placed nucleus. 

Life history. — 

An Acimophrys may 
withdraw its pseudo- 
podia and divide 
into tw^o, with or 
without the forma- 
tion of a cyst A 
number of indi- 
viduals may unite 
for a time by the 
ectoplasm alone, 
and separate with- 
out any nuclear 
fusion having taken 
place (plastoganiy). 

But Schaudinn has 
described a true 
sexual process 
which offers an 
interesting analogy 
to the processes of maturation and fertilisation in the 
higher animals. 

A number of individuals become joined up in a common 
gelatinous cyst. Each loses its pseudopodia and forms a 
membranous cyst. These cysts become associated in pairs. 
The nucleus of each cyst divides niitotically and a polar 
body IS extruded from each, after which the nucleus 
returns to the resting condition. The cysts now fuse in 
pairs, with complete and intimate union of their nuclei 
and cell-bodies. The zygote so formed rests for a short 
period, then divides up into two daughter cysts from which 
emerge two new individuals of Actinophrys. 



Fig. 36. — Actt7iophrys sol (Sua-animalcule). 
— After Grenacher. 

n , nucleus , food vacuole , 71,, contractile 
vacuole , ps , pseudopodium 
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In the allied genus Actt 7 iospli<Brmm., with very numerous 
nuclei, there is a strange and complicated formation and 
fusion of cysts within a single individual. 


Third Type of Protozoa — Polystomella 

Polystomella (see Fig. 50) is a type of Foramimfera with 
a calcareous perforate shell or test 

Description. — Polystomella ci'isfa is common on the 
shore, especially among Zostera It looks like a miniature 
of an Ammonite shell, and Foiaminifera were indeed 
classified by the older naturalists with the Ammonites. 
The test forms a close spiral with beautifully chiselled 
surface, only the last whorl is visible from the outside. 
The test is made up of a series of chambers which com- 
municate with one another and with the exterior by fine 
pores. Granular protoplasm fills up the chambers and 
forms also a thin layer on the outside Long slender 
pseudopodia issue from the openings in the test and are 
given off also by the external protoplasmic layer. They 
frequently branch and anastomose with one another, and 
their granular protoplasm exhibits marked streaming 
movements. The pseudopodia serve to catch and en- 
tangle the diatoms and Infusoiia on which the Forammifer 
feeds. 

Like many other Foramimfera, Polystomella shows a 
remarkable dimorphism. It occurs in two forms, out- 
wardly indistinguishable, but differing in internal structure. 
In the megalospheric form the central chamber is laige (a 
megalosphere), and there is a single large nucleus, placed 
about the middle of the series of chambers , in the 
mtcrospheric form the central chamber is small (a micro- 
sphere), being about one-tenth of the diameter of the 
megalosphere, and there are numerous small nuclei. The 
megalospheric individuals are about thirty times as 
numerous as the microspheric individuals. 

Life history. — The microspheric form gives rise to the 
megalospheric form by dividing up into a large number- of 
nucleated bodies, each of which becomes the megalosphere 
of a new megalospheric individual. In this process the 
protoplasm of the microspheric form gradually creeps out 
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and forms a halo of anastomosing threads round the 
deserted test. It then divides up into rounded amoeboid 


bodies, each of the same 
size as a megalosphere and 
containing a single nucleus. 
They secrete a wall, and 
glow into the typical me- 
galospheric form. 

When the megalospheric 
form IS about to reproduce, 
its nucleus breaks up into 
numerous small nuclei, 
which become scattered all 
through the cell The 
protoplasm segregates into 
little masses, each centred 
in a nucleus. Each of these 
nuclei divides into two, 



Fig 37 — Polystomella^ megalo- 
sphenc foim, with laige cential 
chambei (J/) and one nucleus 
{N ), — After Lister. 


then into four, and the 

division of the nucleus is followed by the division of 
the protoplasmic mass, so that hosts of tiny cells are 
formed These become provided with flagella, swim out 



Fig 38 — Polysiomella, microspheiic form, with large 
central chamber (t c.), numerous nuclei (TV), bridges of 
protoplasm between chambeis [B ], — After Lister. 
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into the water, leaving behind them the empty test, and 
there conjugate in pairs, not with one another but with 
similar gametes ” from another megalospheric individual 
The “zygote” so formed becomes the initial chamber of 
a microspheric individual. In a more direct way — by 
fission — • the megalospheric individual may give rise to 
another like itself. There is therefore in this complex life 
history of Polystomella an -alternation between a sexual and 
an asexual generation. 


Fourth Type of Protozoa — Paramoecium 

Paramceciumj a type of ciliated Infusorians, especially 
of those which are uniformly covered with short cilia 
(Holotricha). 



div 


Fig. 39 . — Param<xctiLin. — Aftei Bulschli. 

ad Adult form, showing cilia, “mouth,” contractile vacuoles, etc. 
div Transverse division 
con Conjugation 




Description. — Specimens of Paramcecium may be leadily 
and abundantly obtained by leaving fragments of hay to 
soak for some days in a glass of water. A few individuals 
have been lying doimant about the plant; they revive and 
multiply with extraordinary rapidity. They are also 
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abundant in most stagnant pools, and aie just visible 
when a test-tube containing them is held between the 
eye and the light. Their food consists of small \egetable 
particles 

The foim is a long oval, with the blunter end m fiont, 



Fig. 40 — Conjugation of Pat amatinm anrelia — four 
stages. — After IMaupas 

1 Sho\\s macronucleus {N) and two micronuclei («) in each ot 

the two conjugates 

2 Show s breaking up of macronucleus, and multiplication of 

micronuclei to eight 

3 Shows the fertilisation in pi ogress , the inacronucleus is 

vanishing 

4 Shows a single (fertilised) niicronucleus in each conjugate 


the outer portion of the cell substance is differentiated into 
a dense nnd or cortex, with a delicate external cuticle, 
perforated by cilia There is a definite opening, the so- 
called mouth, which seives for the ingestion of food 
particles , and there is also a particular anal spot posterior 

Fig 41 — Diagiammatic expression of piocess 
of conjugation in Paramcediun aiireha 
— After Maupas. 

A The two micronuclei enlarge 
B Each divides into two 
C Eight micronuclei are formed 
D Seven disappear , one (darkened) divides into two 
E An interchange and fusion occurs, and the con- 
jugates sepaiate 

F The fertilised micronucleus divides into tw'o 
G Each conjugate begins to divide, the micronucleus 
of each half duidmg into two, one of which 
becomes the macronucleus, while the others form 
the two normal micronuclei The top line repre- 
sents four individuals, each >Mth a macronucleus 
and two nucionuclei 

to the mouth, from which undigested residues are got rid of 
The surface is covered with cilia, in regular longitudinal 
rows , these serve both for locomotion and for driving 
food particles towards the mouth. Among the cilia there 
are small cavities in the cortex, in which lie fine protrusible 
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threads (“ trichocysts ”). These, though parts of a cell 
suggest the thread cells of Coelentera, and are probably 
of the nature of weapons. The cortical layer is contractile 
and IS distinctly fibnllated. In the substance of the cel 
lie two nuclei, the smaller “micronucleus” lying by the 
side of the larger “ macronucleus ” Food vacuoles occui 
as in the Amoeba. There are two contractile vacuoles, froir 
which fine canals radiate into the surrounding protoplasm 
these discharge into the vacuole, which then bursts to the 
exterior. 

Life history. — Growth is followed by obliquely transverse 
division into two (Fig. 39, div ) One half includes the 
“mouth,” the other has to make one. As well as this 
simple fission, a process of transient conjugation also 
occurs. Two individuals approach one another closely, 
the two nuclei of each break up, an exchange of pieces 
of the micronucleus takes place, the two then separate, 
each to reconstruct its two nuclei (Fig 40) This process 
IS necessary for the continued health of the species. 

The details of the conjugating piocess have been woikcd out with 
great care by Maupas and otheis They differ slightly m different 
species, what occuis in P mmha is summarised diagrammalically 
in Fig 41. 

The micronuclear elements aie lepiesented by two minute bodies 
As conjugation begins, these separate themselves fiom the macronucleus. 
The macroniicleus degenerates, and each micionucleus inci eases in 
size (A). Each divides into two (B) , another division laises their 
numbei to eight (C) , seven of these seem to be absorbed and disappear, 
the remaining eighth di\ides again into what maybe called the male 
and female elements (D) , for mutual feitilisation now occuis (E). After 
this exchange has been accomplished, the Infusorians separate, and 
nucleai reconstruction begins The feitilised micionucleus divides into 
two (F), and each half divides again (G), so that theie aie foui in each 
cell. Two of these foim the macronuclei of the two daughter-cells 
into which the Infusoiian pioceeds to divide (li) , the other two form 
the micronuclei, but before another division occurs each has again 
divided Thus each daughter-cell contains a macronucleus and two 
micronuclei 


Fifth Type of Protozoa — Vorticella 

Fortioella, or the bell-animalcule, is a type of those 
ciliated Infusorians in which the cilia are restricted to a 
region round the mouth (Peritricha). 
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Description. Groups of V'oriicslla^ or of the compound 
form CarchestU77i, grow on the stems of fresh-water plants, 
and are sometimes readily visible to the unaided eye as 
white fringes In Vorticella each individual suggests an 
inverted bell with a long flexible handle. The base of the 
stalk IS moored to the water-weed, the bell swings m the 



Fig. 42. — Vorticella, — After Butschli. 

1 Structure Macronucleus, micronucleus , c 7; , con- 

tractile \acuole , m , mouth j/z' , food vacuole , v , vestibule 

2 Encysted mdmdual ^ 3 Division. 

4. Separation of a free-swimming unit — the result of a division 

5 Formation of eight minute units {;}ng ) 

6 Conjugation of microzooid {yng ) with one of normal size. 

water, now jerking out to the full length of its tether, and 
again cowering down with the stalk contracted into a close 
and delicate spiral. In Carchesium the stalk is branched, 
and each branch terminates in a bell. Up the stalk there 
runs, in a slightly wavy curve, a contractile filament, which, 
in shortening, gives the non-contractile sheath a spiral form. 
This contractile filament, under a high power, may exhibit 
a fine striation. (A similar striated structure is seen in 
7 
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some Amoebae, Gregarines, spermatozoa, etc., and of a much 
coarser type m striped muscle fibres. It seems to be some 
structural adaptation to contractility.) The bell has a 
thickened margin, and within this lies a disc-like hd; in 
a depression on the left side, between the margin and the 
disc, there is an opening, the mouth, which leads by a 
distinct passage into the cell. On the side of this passage 
there is a weak spot, the potential anus, by which useless 
debris is passed out. The cilia are arranged so as to waft 
food particles into the mouth and down the passage. 
There is a large and horseshoe-shaped macronucleus, and 
a small micronucleus. Food vacuoles and contractile 
vacuoles are present as usual. 

Sometimes a Vorticella bell jerks itself off its stalk and 
swims about , in other conditions it may form a temporary 
cystj normally, the cilia are very active, and the move- 
ments of the stalk frequent and rapid Multiplication may 
take place by longitudinal fission — a bell divides into 
similar halves , one of these acquires a basal circlet of cilia 
and goes free, ultimately becoming fixed. Or the division 
may be unequal, and one, or as many as eight, microzooids 
may be set free These swim away by means of the 
posterior girdle of cilia, and each may conjugate with an 
individual of normal size. In this case a small active cell 
(like a spermatozoon) fuses intimately with a larger passive 
cell, which may be compared to an ovum. 

Sixth Type of Protozoa — Volvox 

Volvox is a type of flagellate Infusorians, especially of 
those with flagella of equal size. 

Volvox is found, not very commonly, in fresh-water pools, 
and is usually classed by botanists as a green Alga. It 
consists of numerous biflagellate individuals, connected by 
fine protoplasmic bridges, and embedded in a gelatinous 
matrix, from which their flagellae project, the whole forming 
a hollow, spherical, actively motile colony. In V. globator 
the average number of individuals is about 10,000 j in 
V. aureus or minor, 500-1000. The individual cells are 
stellate or amoeboid in V. globator, more spherical in V 
aureus ; each contains a nucleus and a contractile vacuole. 
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At the anterior hyaline end, where the flagella are inserted, 
theie IS a pigment spot; the rest of the cell is green, owing 
to the presence of chlorophyll corpuscles In consequence 
of the presence of these, Volvox is holophytic, t e it feeds 
as a plant does and builds up starch granules. 

In its method of lepioduction Volvox is of much biological interest 
and importance As Klein, one of its best desciibers, says, it is an 
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Fig 43 — Volvox globaUr . — Aftei Cohn 

a, Balls of sperms ; b, immature ova , c, ripe o\a 


epitome of the evolution of sex. Some of the colonies are asexual 
In these a limited number of cells possess the power of dividing up to 
form little clusters of cells ; these clusters escape from the envelope of 
the parent colony, and foim new free-swimming colonies. In other 
colonies theie are special leproduclive cells, which may be called ova 
and spermatozoa 

In V globator the two kinds of reproductive cells are usually formed 
in the same colony, the formation of spermatozoa generally preceding 
that of the ova Technically the colony may then be described as a 
protandrous hermaphrodite. 
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In V. aw'etts the colony is oftenest unisexual or dioecious, t.e. either 
male or female. But it may be monoecious or hermaphrodite, and is 
then geneially protogynous, t.e producing eggs first 

Whether in a hei maphrodite or in a unisexual colony, the sex cells 
appeal among the oidmary vegetative units ; the ova aie distinguishable 
by their larger size, the “speim mother cells” divide rapidly and form 
numeious (32-100 01 more) slender spermatozoa, each with two cilia. 
In V globator then bundles may bieak up within the parent colony , 
or, as always occuis m V mireus, they may escape intact, and swim 
about in the water. In any case, an ovum is fertilised by a spermato- 
zoon, and, after a period of encystation and rest, segments to form a 
new colony Occasionally, how^ever, this organism, so remarkable a 
condensation of reproductive possibilities, may produce ova which 
develop parthenogenetically. 

Here, then, we have an organism, on the border line between plant 
and animal life, just across the line which separates the unicellular from 
the multicellular, illustrating the beginning of that impoitanl distinc- 
tion between somatic or body cells and reproductive cells, and occurring 
m asexual, hermaphiodite, and unisexual phases Klein records no less 
than twenty-four diffeient foims of V. aureus from the purely vegetati\e 
and asexual to the paithenogenetic, for there may be almost entnely 
male colonies, almost entirely female colonies, and othei interesting 
transitional stages Klein has also succeeded to some extent in showing 
that the occurrence of the various reproductive types depends on outside 
influences. 


Seventh Type of Protozoa — Monocystis 

Monocystisj a type of Sporozoa in which the cell is not 
divided into two parts by a partition. 

Description. — Two species (M. agilts and M. magna) 
infest the male reproductive organs of the earthworm almost 
constantly. The full-grown adults are visible to the naked 
eye. They are usually flattened worm-like cells, but the 
shape alters considerably during the sluggish movements. 
There is a definite contractile rind, which is sometimes 
fibrillated, and a more fluid medullary substance, in which 
the large nucleus floats. In one species there is an anterior 
projection which resembles the cap of Gregarina, otherwise 
unrepresented in Monocystis. As in Gregarina^ and many 
other parasitic forms, a contractile vacuole is absent. 

Life history. — The young form of M. agihs is parasitic 
within one of the sperm mother cells of the earthworm. It 
grows, and becomes free from the cell as a trophozoite. In 
the free stage, two individuals may unite in the curious 
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end-to-end manner observed also in Gregarma In repro- 
duction two individuals (gametocytes) become associated 
inside a common cyst. The nucleus of each divides up 
repeatedly, and the daughter nuclei migrate to the surface of 
the cell, where each becomes surrounded by a little mass of 
protoplasm Each of the gametocytes has thus given rise 
to a number of gametes, while there remains over a mass 
of residual protoplasm which has not been used up during 
this process. The wall between the two gametocytes now 
breaks down and the gametes conjugate in pairs, forming 
zygotes. It IS probable that of each pair of conjugating 
gametes one is derived from each gametocyte Each zygote 




Fig. 44 — Life histoiy oi Monocyshs — Aftei Butschli. 

I Young Gregarme lying within a sperm mother cell of earthworm 
[ 2 Association of two Gregarmes wuthin a cyst, ready to form gametes. 

3 Numerous spore-cases {sp c , pseudona\icellae) wuthin a c^st. 

C 4 A spore-case with eigat spores {sp ) and a residual core (r /) ) 


secretes a membrane and becomes a spore-case. The 
nucleus divides up, and eight elongated spores are formed 
round a residual core. The spore-case now takes its typical 
shape and is known as a pseudonavicella. The spores are 
considerably larger than those of Gregarina. Eventually, in 
the alimentary canal of another earthworm the cyst bursts, 
the spore-cases are extruded, the spores emerge from their 
firm chitinoid cases The young spore (sporozoite) is like 
a bent spindle (falciform), and seems next door to being 
flagellate. It bores into a mother sperm cell, and from this 
It afterwards passes as an adult into the cavity of the 
seminal vesicles. Intracellular parasitism and copious food 
naturally act as checks to activity, and the adult is sluggish. 

The allies of Monocystis occur chiefly in “ Worms, 
Tunicates, and Arthropods ; none are known in Vertebrates. 
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Eighth Type of Protozoa — Gregarina 

Gregarina, a type of Sporozoa in which the cell is divided 
into two regions by a partition 

Description. — Various species occur in the intestine of 
the lobster, cockroach, and other Arthropods When young 
they are intracellular parasites, but later they become free in 
the gut. They feed by absorbing diifusible foodstuffs, such 



Fig. 45 —Life history of Gy'egartna —After Butschh. 

1 Young forms (<2, < 5 , c) emerging from intestinal cells (t c), 1 n ^ 

nucleus of intestinal cell 

2 Tw 0 forms conjugating {G hlatlartmi) 

3 Spore formation \v ithin a cyst 

4. Adult with deciduous head-cap (c c ), and a cuticulai paitition 
dividing the cell into an anterior part (A) and a posterior part 
(B) , n , the nucleus 

S A spore within its spore-case (sp c ) 

as peptones and carbohydrates, from their hosts, and store 
up glycogen within themselves. In many the size is about 
one-tenth of an inch. There is a firm cuticle of “proto- 
elastin,'^ which grows inwards so as to divide the cell into 
a larger nucleated posterior legion and a smaller anterior 
region, and also, in the young stage, forms a small anterior 
cap The cell substance is divided into a firmer cortical 
layer and a more fluid central substance. The protoplasm 
often presents a delicate fibrillar appearance, suggesting 
that of striated muscle The nucleus is very distinct, but 
there are no vacuoles. We may associate the absence of 
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locomotor processes, “mouth,” and contractile vacuoles, 
as well as the thickness of the cuticle and the general 
passivity, with the parasitic habit of the Gregarmes. It is 
not clearly understood how these and other intestinal 
parasites have become habituated to resist the action of 
digestive juices. 

Life history. — The young Gregarine is 
parasitic in one of the lining cells of the 
gut, it grows, and, leaving the cell, re- 
mains for a time still attached to it by 
the cap (Fig. 45, c) ; later this is cast 
off, and the individual becomes free in the 
gut, while still increasing m size Two or 
more individuals attach themselves together 
end to end, but the meaning of this is 
obscure. Encystation occurs, involving a 
single unit or two together. The details 
of spore-formation are similar to those in 
Monocystis. All the protoplasm is not always 
used up in forming the spores, but a residue 
may remain, which forms a network of 
threads supporting the spores. The cyst is 
sometimes (as m G hlattarim') complex, 
with “ducts” serving for the exit of the 
spores, each of which is suriounded by a 
firm case. Eventually the cyst bursts, the 
spore-cases are liberated, and from within ofGiegarmes. 
each of these eight spores emerge to be- — Aftei Fren- 

come cellular parasites The adult of G. 

{Porospord) gigantea is sometimes three- 

quarters of an inch in length — enormous for a Protozoon. 


Ninth Type of Protozoa — Coccidium schubergi 

Coccidia are intracellular parasitic Sporozoa, attacking 
mainly the epithelial cells of the gut or associated organs. 
They are found chiefly in insects, myriopods, molluscs, and 
vertebrates. 

Coccidium schubergi infests the intestinal epithelium of 
the centipede Lithobius forficatus. The adult is a minute 



Fig. 46.— End- 
to-end union 
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oval or spherical cell with a nucleus. It lives a quiescent 
life within the host cell, growing and absorbing nourishment 
until the resources of the cell are exhausted. 

Life history. — The coccidium enters the host cell as a 
minute sickle-shaped body, pointed at the anterior end, and 



I sporozoite, 2 Sporozoite entering a cell and becoming a trophozoite, 
3-4 Schizont, forming merozoites, 5 Merozoites entering another 
cell , 6a hlerozoite forming macrogamete , 6^ Merozoite forming 
microgametes ,7 Free microgamete , 8-9 Feitilisation of macrogamete 
by microgamete , 10 Zygote within oocyst , ti Formation of spores 
within oucyst , 12 Spores forming sporozoites 


more blunt posteriorly. This is the sporozoite stage of the 
life history; it is liberated from a cyst (oocyst) when the 
latter is swallowed by the centipede in its food. When 
freed in the gut the sporozoite progresses by forward gliding 
movements, alternating these by flexions, bending itself like 
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a bow and straightening out again When about to enter 
an epithelial cell it presses the anterior end through the cell 
wall and wriggles its way in. Once within the cell m which 
development is to proceed, its movements gradually cease, 
but It may pass through seveial cells before coming to rest. 
Within the host cell the coccidium — now in the froJ)hozoite 
stage — becomes oval in form, and in about twenty-four hours 
has reached full size and has exhausted the host cell 
contents. This is the completion of the trophozoite period, 
and the parasite now enters the schizont stage, where its 
nucleus divides into a number of daughter nuclei. These 
arrange themselves around the periphery of the cell, whilst 
the protoplasm breaks up to form along with them bodies 
of a shape similar to the sporozoites. There are important 
structural differences, however, apart from the dijBference in 
origin. The parasites, now known as merozoiies^ rupture 
the host cell, move in the gut cavity after the manner of the 
sporozoites, enter fresh epithelial cells, and repeat the fore- 
going cycle until ultimately the gi eater part of the gut 
epithelium is destroyed. In about five days, however, 
owing perhaps to the failing capacity of the host to nourish, 
the limit of asexual reproductivity is reached, and the 
parasite now enters upon a spore-forming stage. Certain 
merozoites grow more slowly than the others, and instead of 
becoming schizonts give rise to elements of two types, viz 
microgametes, slender cells bearing a flagellum at each end, 
which are male, and macrogametes, larger bean-shaped cells, 
which are female. The latter after maturation free them- 
selves from the host cell, and in the cavity of the gut are 
fertilised by a male element. After fertilisation, a trans- 
parent membrane forms around the zygote (fertilised cell) 
This membrane in the first instance serves to exclude all 
microgametes after the first, and later, becoming very tough 
and resistant, forms a protecting envelope or oocyst. After 
the oocyst is formed the parasite may pass from the host to 
the exterior or remain for some time longer within it. The 
nucleus of the zygote within the oocyst now divides into 
four, around which the protoplasm^aggregates itself to form 
the spores There are thus four spores within a cyst. 
Each spore divides, forming two sporozoites^ which on the 
arrival of the oocyst in the gut of a fresh host are liberated. 
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and attacking the lining epithelium recommence the life 
history 


General Classification of Protozoa 

Since the Protozoa are unicellular organisms (except the 
few which form loose colonies), their classification should 
be harmonious with that of the cells in a higher animal. 
This is so. Thus (a) the Rhizopods, in which the living 
matter flows out in changeful threads or “pseudopodia,” as 


Classification of Protozoa 

{CORTICATA ) (GyMNOMYXA.) (CoRTICATA.) 



Proteomyxa and Mycetozoa. 
Primitive Forms. 


in the common Amoeba, are comparable with the white 
blood corpuscles or leucocytes, many young ova, and other 
amoeboid’’^ cells of higher animals, {b) the Infusorians, 
which have a definite rind and bear motile lashes (cilia 
or flagella), e the common Paramoeciiim, may be likened 
to the cells of ciliated epithelium, or to the active sperma- 
tozoa of higher animals ; {c) the parasitic Sporozoa, which 
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have a rind and no motile processes or outflowings, may 
be compared to degenerate muscle cells, or to mature ova, 
or to ‘‘encysted^^ passive cells in higher animals. 

This compaiison has been worked out by Professor Geddes, who also 
points out that the classification represents the three physiological 
possibilities («:) the amoeboid units, neither very active noi very passive, 
foim a median compromise ; {d) the ciliated Infusoiians, which are 
usually smaller, show the lesult of a lelative predominance of expendi- 
ture , (t) the encysted Giegarines lepresent an extieme of sluggish 
passivity 

But, as Geddes and others have showm, the cells of a higher animal 
often pass from one phase to another, — the young araceboid ovum 
accumulating yolk becomes encysted, the ciliated cells of the w mdpipe 
may, to oui discomfort, sink into amoeboid foims. The same is true of 
the Piotozoa ; thus in various conditions the ciliated 01 flagellate unit 
may become encysted or amoeboid, while in some of the simplest forms, 
such as Protomyxa, there is a cell-cycle ” in which all the phases occur 
in one life history. 


Systematic Survey 

A. Primitive forms — Undei this heading may be included two 
classes : (i) the Proteomyxa, primitive, insufficiently known forms often 
without a nucleus, though nuclear material may be present in the form 
of scattered granules (chiomidia), and (2) the Mycetozoa, organisms 
with somew'hat complex fructifications, often classed as plants allied 



Fig 48 ■ — Diagram of Protomyxa auraniiaca . — After Haeckel. 

1 Encysted , 2 Dividing into spores ; 3 Escape of spores, at first 
flagellate, then amoeboid , 4 Plasmodium, formed from fusion of 
small amoebae 


to Fungi As examples of the Proteomyxa, we have the interesting 
Proto 77 iyxa in four phases . [a] encysted and breaking up into spores, 
which \h) aie briefly flagellate, (D sink into amoeboid forms, and [d) 
flow together into a composite “plasmodium” ; Vafiipyrella, parasitic 
on fresh-water Algce ; and many others. 

The Mycetozoa are well illustrated hy Fukgo ox sept uum, 

flowmrs of tan,” found in summer as a large plasmodium on the bark 
of the tan-yaid The coated spores aie formed in little capsules which 
rise from the surface of the plasmodium The spores may be first 
flagellate, then amoeboid, or amoeboid from the first ; the characteristic 
plasmodium is formed by the fusion of the amcebm 
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B. Predommantly amoeboid Protozoa.— Khizopoda,— The 
simplest Rhizopods generally resemble Amoeba^ and aie lanked in the 
class (3) Lobosa. They may repioduce simply by division, as does 
Amoeba itself, or may liberate several buds at once [Afcella), or form 
spoies which conjugate (Pe/omyxa) Various foims, such as AnePa, 
are furnished with a shell 

(4) The Labynnthulidea aie represented by foims like Lahynnthula 
on Algse, and Chlmnydo 7 nyxa on bog-moss, which consist of a mass of 
protoplasm spiead out into a network, and of nuineious spindle-shaped 
units, which travel continually up and down the thieads of the living 
net 



Fig 49. — Formation of shell in a simple Foraminifer. 

— After Dieyer. 

In A the shell has one chamber , B, C, and D show the formation 
of a second Note outflowing psuedopodia and the enclosure of 
the shell by a thin layer of protoplasm , note also the nucleus 
m the central protoplasm 

As (5) Heliozoa are classified the sun-animalcules {A ctt no splicer mm ^ 
Actmophrys soT), and otheis, m which theie are stiff piocesses radiating 
from a spherical body. Reproduction may be by division or by spore 
formation , skeletal structmes may be represented by spicules. 

The (6) Forammifera or Reticulaiia include an interesting senes 
of shelled forms m which the peripheral protoplasm forms branching 
interlacing threads. A few simple foims occur in fresh watei , the gieat 
majonty occur on the floor of the sea at varying depths; some 
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families are abundantly represented on the surface The shell is 
usually calcareous, more larely arenaceous or chitmous There is 
sometimes dimorphism. Multiplication occurs by fission, or by the 
foimation of swarm-spores (amoeboid 01 flagellate). Foraminifera are 
common as fossils from Silurian locks onwards, and at the present dav 
aie very important m the formation of calcareous ooze • m this respect 
Globtgcrina, with a chambered shell, is especially important. Species 
of Gromta are found in both fresh and salt watei ; Halphysema, a 
foim utilising sponge-spicules to cover itself, was once mistaken for a 
minute sponge 

Most kinds of chalk consist mainly of the shells of Foraminifera 



Fig. 50* — A Foramimfer {Polystomel/a) showing shell and 
pseudopodia. — ^After Schultze. 

accumulated on the floor of ancient seas ; Nuinnmlites (Fig. 17) and 
related fossil forms weie as large as shillings or half-crowns. 

More complex are the (7) Radiolaria, which are divided by a chitinoid 
membrane into an inner central capsule (wnth one or more nuclei), and 
an outer portion, gelatinous and vacuolated, giving off radiating thread- 
like pseudopodia, which very rarely interlace There is usually a 
skeleton m the form of a siliceous lattice-work or regularly disposed 
spicules outside the central capsule, but in some cases the shell is 
formed of a horn-like substance called acanthin, which is probably a 
complex silicate. Radiolarians multiply by fission, wFich sometimes 
includes a halving of the skeleton, and by spores, which m some cases 
are dimorphic. Most Radiolarians include unicellular Algae (yellow* 
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cells), with which they live in intimate mutual paitneiship (symbiosis) 
Most Radiolanans float on the surface of the sea , olheis live below 
the surface at %ar}iiig depths, and some aie abyssal They aie 
abundant as fossils, and of much importance m the foimation of the 
ooze of gieai depths 

Examples — Tkaiasstcola, Eucyriidium, and the colonial Colkzotun 
and Sphczrozoum, 



O. PredomiiLaiitly active forms (ciliate and flagellate), 
generally called Infusorians.— Protozoa, with a definite imd and 
with i ~3 undulating flagella, are included as ( 8 ) Flagellata, a veiy 
large group, among which are such familiar forms as the common 
Euglma of ponds ; the Monads ; Vohox, a colonial foim , Codosiga, a 
colony in which the individual cells are furnished with a collai (Choano- 
flagellata). The Hcemoflagellata are important blood parasites, generally 
called Trypanosomes (see p. 121) 
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Modified flagellate forms are included m the groups Dinoflagellata 
and Cystoflagellata, m both of which there are two flagella, diffei- 
ently placed in the tw'o cases In the first aie included /\; ithmum and 
Cemtiitm ; m the latter, the large phosphorescent Noctihtca They 
foim an important part of the plankton of lakes and sea 

As ( 9 ) Ciliata are included a ver}^ large number of forms, more or 
less closely resembling Paramaicium o\ Voflitella^ and ’vei} abundant 
m infusions ; some, such as 0pah7ia, m the intestine of the frog, are 
parasitic. 

As specially modified Ciliata aie included (lo) Acinetaiia, highly 
specialised forms, ciliated when young, but usually furnished when adult 



Fig. 52. — Optical section of a Radiolarian [Achnomma). 

— After Haeckel. 

a, Nucleus, b, wall of central capsule; c, siliceous shell within 
nucleus , cl, middle shell within central capsule , c^, outer shell 
in extra-capsular substance Four radial spicules hold the 
three spherical shells together 

w'lth suctorial tentacles. They are fixed in adult life, and feed on other 
Protozoa. As examples may be given Acmeta , Defidrosoma^ forming 
branched colonies; and Ophyyodendron^ without suctorial tentacles. 
Some, like Splmi'ophrya^ are minute and parasitic 
D. Predominantly encysted Protozoa.-— Sporozoa. —Forms 
like Gregarma and Monocysits are included in a gioup of the (ll) 
Sporozoa, the Gregannida in the strict sense. They are parasites in 
the gut or body cavity of many Invertebrates, especially Arthiopods. 
Coccidttim IS a type of the Coccidiidea, which are intracellular parasites 
occurring in Arthropods, Molluscs, and Vertebrates. A very im- 
portant group, with a life cycle essentially similar to that of the 
Coccidiidea, are the Hcnmospondia, which aie parasitic in the red 
blood corpuscles of Vertebrates. The malaria parasites belong to this 
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group In many of the Hmmospondia a part of the life cycle takes 
place in an intermediate host, usually a mosquito oi a tick. 

Other groups of the Spoiozoa aie the Myxospoiidia, with peculiar 
nematocyst-like oigans (Inveitebrates and cold-blooded Vertebiates), 
and the Saicospoiidia, which aie found inside the stuped muscles of 
warm-blooded Veitebiates 


General Notes on the Functions of Protozoa 

Movement. — The simplest form of movement is that 
termed amoeboid, as illustrated by an Anmha. In ordinary 
conditions it is continually changing its shape, putting forth 
blunt lobes and drawing others in With this is usually 
associated a streaming movement of the gianules. A more 
defined contraction, like that of a muscle cell, is illustrated 
in the contiactile filament of the stalk of Vorticella and similar 
Infusorians ; and not less definite are the movements of cilia 
and flagella, by means of which most Infusorians travel 
swiftly through the water Cilia in movement are bent and 
straightened alternately; while flagella, which are usually 
single mobile threads, exhibit lashing movements to and fro, 
or, more often, are held stretched out m front, and by a 
curious rotatory movement draw the cell along. They are 
then more aptly termed tractella. It seems probable that 
cilia and flagella consist of an elastic core surrounded by 
a sheath, which may be uniformly contractile, or may have 
one contractile band, or two opposite contractile bands, and 
so on 

Considered generally, the movements are of two kinds eithei (i) re- 
flex, t e lesponses to external stimulus, as when the Piotozoon moves 
towards a nutritive substance ; or (2) automatic, i e such movements as 
appear to oiigmate from within, without 0111 being able to point to the 
immediate stimulus, eg. the rhythmical pulsations of contractile 
vacuoles. Actively moving Protozoa usually show the following motoi 
leaction to stimulus — they move backwaid, turn over on one side 
structurally defined, and then move foiw^aid again. 

Sensitiveness. — The Amoeba is sensitive to external influ- 
ences. It shrinks from strong light and obnoxious materials ; 
it moves towards nutritive substances. This sensitiveness 
is, so far as we know, diffuse — a property of the whole of 
the cell substance; but the pigment spots of some forms 
are specialised regions. 
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Many Protozoa well illustrate a strange sensitiveness to the physical 
and chemical stimuli of objects or substances with which they are not 
in contact Thus the simple amoeboid Vamfy're//a v, ill, from a con- 
siderable distance, cieep dnectly towaids the nutntne substance of 
an Alga, and the plasmodium of a Myxomycete will move towaids a 
decoction of dead leaves, and away from a solution of salt The same 
sensitiveness, technically teinied chemotaxis, is seen when micro- 
oiganisms move tow^ards nutritive media 01 away from others, when the 
speimatozoon (of plant or animal) seeks the ovum, or when the phago- 
cytes (wandering amceboid cells) of a Metazoon ciowd tow^ards an in- 
tiuding paiasite or some iiiitant particle. 

Nutrition. — The Aynmha expends energy as it lives and 
moves j It regains energy by eating and digesting food 
particles Most of the free Protozoa live in this manner 
upon solid food particles , a few, such as Volvox, in virtue 
of their chlorophyll, are holophytic, / e, they feed like plants , 
the parasitic forms usually absorb soluble and diffusible 
substances from their hosts. 

Respiration. — Oxygen is simply taken up by the general 
protoplasm from the surrounding medium, into which the 
waste carbonic acid is again passed. The bubbles which 
enter with the food particles assist in respiration. In 
parasitic forms the method of respiration must be the same 
as that of the tissue cells of the host 

Excretion. — Of the details of this process little is certainly 
known, but the contractile vacuoles are, without doubt, 
primitive excretory appliances. In the more specialised 
forms they appear to drain the cell substance by means of 
fine radiating canals, and then to burst to the exterior. 
Uric acid and urates are said to be demonstrable as waste 
products. 

Colour — Pigments are not infrequently present in the Protozoa. 
We have already noticed the piesence of chlorophyll m some forms ; 
with Radiolarians the so-called “yellow cells” are found almost 
constantly associated. Each of these cells consists of protoplasm, 
surrounded by a cell wall, and containing a nucleus. The protoplasm 
IS impregnated with chlorophyll, the green colour of which is obscured 
by a yellow pigment. Starch is also piesent The cells multiply by 
fission, and continue to live after isolation from the piotoplasm of the 
Radiolaiian. All these facts point to the conclusion that the cells 
are symbiotic Algae, so-called ZooMorellce. According to some, the 
“chlorophyll corpuscles” seen m the primitive Arckeri^ia, in some 
flagellate forms, as Ettglena, and m many Ciliata, as Stentor, Siylo- 
mchza, one species of Param(sciuvi, Volvox and the allied forms, are 
8 



1 14 PHYLUM PROTOZOA — THE SIMPLEST ANIMALS 


also symbiotic Algse, which have lost the power of independent exist- 
ence The evidence for this is, however, insufficient, and this explana- 
tion will not apply in cases like that of Vorhcella vzrzdts, where the 
gieen colouring mattei is umfoimly distiibuted thiough the protoplasm. 
In many cases there is, besides the chloiophyll, a brown pigment, 
identical with the diatomzn of Diatoms In many of the Flagellata 
theie aie one oi more bright pigment spots at the antenoi end of the 
cell , these may be specially sensitive aieas. In some of the simpler 
Giegarmes the medullaiy piotoplasm is colouied with pigment which is 
appaiently a deiivative of the hannoglobm of the host. 

Psychical life. — Protozoa often behave in a way which 
suggests control, but it should be noted that cut-off 
fragments sometimes behave just as effectively as the 
intact units Verworn has decided, after much labour, 
that the Protozoa do not exhibit what even the most 
generous could call intelligence ; but this is no reason why 
he or any other evolutionist should doubt that they have in 
them the indefinable rudiments of mind. Jennings has 
shown that the behaviour of some Infusorians corresponds 
to what may be called the method of trial and error ^ they 
“try” one kind of response after another until, m some 
cases, they give the effective answer. 


General Notes on the Structure of Protozoa 

The Protozoa are sometimes called “structureless,” but 
they are only so relatively. For though they have not 
stomachs, hearts, and kidneys, as Ehrenberg supposed, they 
are not like drops of white of egg. 

The cell substance consists of a living network or foam, 
in the meshes or vacuoles of which there is looser material 
Included with the latter are granules, some of which are 
food fragments in process of digestion, or waste products in 
process of excretion. 

The cell substance includes one or more nuclei, special- 
ised bodies which are essential to the life and multiplication 
of the unit. In the Protozoa there are several conditions 
under which the nucleus may exist • — 

(i) In some adult foims and in many spores oi young forms, no 
definite nucleus has yet been discoveied. It is, however, unnecessaiy 
to preserve the term “ JMonera” for such simple forms, as it is piobablc 
that nuclear material does exist in the foim of granules. 
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(2) In the majority of cases, notably in the Spoiozoa, the nucleus 
IS single, often large, and placed centially From a consideiation of the 
cells of Metazoa we may call this the typical case. 

(3) In many of the Ciliata, PamnKEcium, there are two dimoiphic 
nuclei There is a large oblong nucleus, and beside it a smaller 
spheiical one. 

(4) In some Ciliata the macionucleus exists in the form of po^\ der 
scattered through the protoplasm, in Opahnopsis, The granules 
may collect to form a compact nucleus when fission is about to take 
place 

(5) In Opahna, fiom the intestine of the fiog, and a few othei forms, 
there aie very numeious nuclei, aiianged m a symmetrical mannei in 
the cell substance In some cases these isolated nuclei have been 
observed to unite to foim one large nucleus just befoie binary fission 
takes place. Of these various cases the diffuse condition is apparentl} 
very primiti\e 

The nucleus, when stained and examined under high powers, is 
observed to be complex m stiuctuie It consists of a nuclear network, 
01 a coil of chromatin threads Kaijokinesis has been obseived in 
some cases. 

While we cannot at piesent define the physiological impoit of the 
nucleus, we must recognise its importance. Thus Biiino Hofer has 
shown that when an A inaba is cut in tivo, the part wnth the nucleus 
lives and grow’s noimally, while the part without any nucleus sooner 01 
later dies , and Balbiani has observed that m the case of Infusorians cut 
into pieces, those parts which have nuclei survive, while if no nucleus is 
present in the fiagment, the wound may remain unhealed, and death 
ensues. 

The outer part of the cell substance (“ectoplasm’’) is 
often clearer and less granular than the inner part (“endo- 
plasm ”). In corticate Protozoa there is a more definite 
rmd or thickened margin of cell substance Outside this 
there maybe a “cuticle” distinct from the living matter, 
sometimes consisting of chitin, or gelatin, or rarely of 
cellulose. The cuticle may form a cyst, which is either a 
protection during drought, or a sheath within which the 
unit proceeds to divide into numerous spores. Moreover, 
the cuticle may become the basis of a shell formed from 
foreign particles, or made by the animal itself of lime, flint, 
or organic material. 

In the cell substance there may be bubbles of water taken 
in with food particles (food vacuoles), contractile vacuoles, 
fibres which seem to be specially contractile (m Gregarines), 
spicules of flint or threads of horn-like material, which may 
build up a connected framework, and the pigments already 
mentioned. 
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Reproduction of Protozoa 

Growth and reproduction are on a different plane from 
the other functions. Growth occurs when income exceeds 
expenditure, and when constructive or anabolic processes 
are in the ascendant. Reproduction occurs at the limit of 
growth, or sometimes in disadvantageous conditions. 

As it IS by cell division that all embiyos aie foimed from the egg, and 
all growth is ejected, the beginnings of this piocess aie of much inteiest. 
(^z) Some very simple Piotozoa seem to leproduce by what looks like 
the rupture of outlying paits of the cell substance {d) The pioduction 
of a small bud from a parent cell is not uncommon, and some Rhizo- 
pods {e.g Arcella, Pelomyxa) give off many buds at once, {c) Com- 
moner, however, is the definite and ordeily piocess by which a unit 
duides into two — oidmary cell division {d) Finally, if many divisions 
occur in rapid succession oi contempoianeously, and usually within a 
cyst enclosing the parent cell, i.e in narrowly limited time and space, 
the result is the foimation of a consideiable number of small units or 
spoies In the great majority of cases, each result of division is seen 
to include pait of the parent nucleus 

A many-celled animal multiplies in most cases by 
liberating reproductive cells — ova and speimatozoa — 
different from the somatic cells which make up the “body.” 
A Protozoon multiplies by dividing wholly into daughter 
cells. This difference between Metazoa and Protozoa m 
their modes of multiplication is a consequence of the 
difference between multicellular and unicellular life. Each 
part of a divided Protozoon is able to live on, and will 
itself divide after a time, whereas the liberated spermatozoa 
and ova of a higher animal die unless they unite. 

By sexual reproduction we mean — {a) the liberation of 
special reproductive cells from a “body,” and (3) the 
fertilisation of ova by spermatozoa. As Protozoa have 
no “body” — though the beginnings of one are seen in 
the colonial forms — they cannot be said to exhibit sexual 
reproduction in the first sense [a).^ yet many of them 
(especially the Sporozoa) give origin by division to special 
reproductive cells. And although many Protozoa can live 
on, dividing and multiplying, for prolonged periods without 
the occurrence of anything like fertilisation, processes 
corresponding to fertilisation are of general occuirence. 
For in many of the Protozoa there occurs at intervals a 
process of “conjugation” in which two individuals unite 
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either peimanently or temporarily. This is an incipiently 
sexual process ; it is the analogue of the fertilisation of an 
ovum by a spermatozoon. In many cases, moreover, 
there is a difference between the two conjugates, analogous 
to the difference between ovum and spermatozoon. 

(1) It IS one of the lecurrent phases in the life history of some of the 
simplest Protozoa (Pioteomyxa and Mycetozoa) (see p. 107), that a 
number of amoeboid units flow together into a composite mass, which 
has been called a plasniodtumP 

(2) It is known that more than two individual Spoiozoa and other 
foims occasionally unite. To this the term “multiple conjugation’^ 
has been applied 

(3) Commonest, how^ever, is the union of two appaiently similar 
individuals, either permanently, so that the two fuse into one, or 
temporaiily, so that an exchange of material is effected Peimanent 
conjugation has been observed m several Rhizopods, Infusorians, and 
Sporozoa. Tempoiary conjugation is w^ell knowm in not a few^ ciliated 
Infusoiians, and it is possible that a cuiioiis end-to-end union of certain 
Sporozoa is of the same nature, 01 it may be of the nature of a 
“plasmodium” formation The formation of small spores (gametes) 
which conjugate is not uncommon 

(4) There are some cases w^heie one of the conjugating individuals 
IS larger and less active than the other Thus in Vorhcella^ a small 
free-swimming form unites and fuses completely with a stalked indivi- 
dual of normal size This “dimorphic conjugation’’ is evidently 
analogous to the fertilisation of a passive ovum by an active sper- 
matozoon. In Volvox this IS even more obvious, for the small and 
active cells, both m shape and method of formation, recall the sper- 
matozoa of highei fornis. 

Significance of Conjugation. — The piecise inteipretation of 
conjugation is unceitain We may legard it as a mutual rejuvenescence, 
each unit supplying some substances or qualities which the other lacks ; 
or we may regard it rathei as a process by which the average character 
of the species is sustained, pecuharities or pathological vanations of one 
individual being counteracted by other characters in the neighbour 
(apparently no near relation) with which it conjugates , or we may see 
in It a source of variation as the result of new combinations among 
the essential hereditary substances. The reseaiches of M. Maupas have 
thrown much light on the facts, and some of his results deserve summaiy. 

It has been often alleged that the subsequent dividing is accelerated 
by conjugation ; but Maupas finds that this is by no means the case. 
The reverse in fact is true While a pair of Infusoiians {Ouychodro?nus 
graiidis) were engaged in conjugation, a single individual had, by 
ordinary asexual division, given use to a family of from forty thousand 
to fifty thousand individuals Moreover, the intense internal changes 
prepaiatory to conjugation, and the general inertia during subsequent 
reconstruction, not only involve loss of time, but expose the Infusorians 
to great risk. Conj'ugation seems to involve danger and death rather 
than to conduce to multiplication and birth. 
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The riddle was, in pait al least, solved by a long senes of caieful 
observations. In November 1885, M Maupas isolated an Infusoiian 
{Stylomchia pusinlata]^ and obseived its geneiations till March 1S86. 
By that time there had been two hundred and fifteen generations pro- 
duced by ordinary division, and since these lowly organisms do not 
conjugate with near lelatives, theie had been no conjugation 

AVhat was the lesult^ At the date referred to, the family was 
obseived to have exhausted itself. The membeis were being bom old 
and debilitated. The asexual diMSion came to a standstill, and the 
powers of nutiition were lost 

Meanwhile, before the geneiations had exhausted themselves, several 
of the individuals had been restoied to their natuial conditions, where 
they conjugated with unrelated foims of the same species One of 
these was again isolated, and watched foi five months. In this case, 
up till the one hundred and thntieth generation, it w^as found that on 
removal to fiesh conditions the organisms were capable of conjugating 
wnth um elated forms Later this power was lost, and at the one 
hundred and eightieth generation the individuals of the same family 
were obser\ed making vain attempts to conjugate with each 
other. 

We thus see that without normal conjugation the whole family 
becomes senile, degenerates both moiphologically and physiologically 
Morphologically, the individuals deciease in size, until they measure 
only a quarter of then onginal proportions, the micronucleus atrophies 
completely or partially, the chromatin of the macronucleus gradually 
disappears, other internal stiuctuies also degeneiate Physiologically, 
the poweis of nutrition, division, and conjugation come to a standstill, 
and this senile decay of the isolated individuals or family inevitably 
ends in death 

The general conclusion is evident Sexual union in those Infusoiians, 
dangerous, perhaps, for the individual life, and a loss of time so fai as 
immediate multiplication is concerned, is absolutely necessary for the 
species The life runs in strictly limited cycles of asexual division. 
Conjugation with allied foims must occur, else the whole life ebbs. 
Without it, the Piotozoa, which some have called “ immoital,’'’ die a 
natuial death Conjugation is the necessary condition of their eternal 
youth 

It must be noted, how^ever, that some subsequent investigators have 
watched over two hundred asexual generations of ciliated Infusorians 
without seeing the slightest trace of senile degeneration. Calkins has 
cultivated Parainoccium foi over six hundred generations without 
conjugation by giving beef extract when degeneration threatened to set 
in. The same result was obtained by stimulating with alcohol, 
strychnine, etc 

(Ecology. — Many Protozoa raise organic debris once more 
into the circle of life, and many form part of the food 
of higher animals. Thus those pelagic Foramimfera and 
Radiolarians, which sink dying to the great oceanic depths, 
form along with more substantial debris the fundamental 
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food supply in that plantless world. Fundamental, since it 
is plain that the deep-sea animals cannot all be living on 
one another. 

Almost every kind of nutritive lelation occuis among the 
Protozoa. Predatory life is well illustrated by most In- 
fusorians, and thoroughgoing parasitism by the Sporozoa; 
Opalina in the rectum of the frog may serve as a type of 
those which feed on decaying debris, and Volvox of those 
which are holophytic Radiolarians, with their partner 
Algae, exhibit the mutual benefits of symbiosis, the plants 
utilising the carbon dioxide of their transparent bearers, the 
animals being aerated by the oxygen which the plants give 
off m sunlight, and probably nourished by the carbohydrates 
which they build up. Some of the parasitic forms, especially 
among the Sporozoa, are fatally injurious to higher animals. 

Though Protozoa may be seriously infected by Bacteria, 
by Acmeia parasites, by some fungi, like Chytridium, etc., 
fatal infection is rare, because of the power of intracellular 
digestion which most Protozoa possess. “The parasite,” 
Metchnikoff says, “ makes its onslaught by secreting toxic 
or solvent substances, and defends itself by paralysing the 
digestive and expulsive activity of its host ; while the latter 
exercises a deleterious influence on the aggressor by digest- 
ing It and turning it out of the body, and defends itself by 
the secretions with which it surrounds itself.” IVith this 
struggle should be compared that between phagocytes and 
Bacteria in most multicellular animals. 


ECistory. — Of animals so small and delicate as Protozoa, we do not 
expect to find distinct relics m the much-battered ancient rochs. But 
there are hints of Foiaminifei shells even in the Cambrian ; more than 
hints in the Silurian and Devonian , and an abundant repiesentation in 
rocks of the Carboniferous and several subsequent epochs. The shells 
of calcareous P'oiaminifera foim an important part of chalk deposits. 

There seem at least to be sufficient lelics to warrant Neumayr’s 
generalisation in legard to Foraminifera, that the earliest had shells 
of irregularly agglutinated particles (Astrorhizidse), that these were 
succeeded by forms with regularly agglutinated shells, exhibiting types 
of architectuie which were subsequently expressed in lime 

Relics of siliceous Radiolaiian shells are also known from Silurian 
strata onwards, with, perhaps, the exception of the Devonian Best 
known are those which form the later Tertiary deposits of Barbados 
earth, from which Ehrenberg described no fewer than two hundred and 
seventv-eight species. 
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Protozoa and Disease — ^The discoveries of recent 
yeais have shown that the study of Protozoa is an 
inquiry of growing practical interest and importance. 
This is particularly so in regard to diseases both in man 
and in his stock. Upwards of thirty Protozoa — represent- 
ing the main divisions of the group — are known at some 
stage of their life history to be parasitic in the human body, 
and some of these are associated with serious and fatal 
diseases. Amo&ba (^Endamcebd) coli is related to an in- 
flammation of the intestinal mucous membrane. Several 



flagellates of the genus Trypanosoma are serious parasites 
of the biood affecting man, horses, cattle, camels, and 
other domestic animals m both the old and new worlds. 
Trypanosoma ganihie?ise (Fig. 54) is the parasite causing 
the fatal “ sleeping sickness,” a human disease disseminated 
by tse-tse fly, Glossina palpalis^ in Africa (Fig. 53). In the 
fully formed Trypanosome, the flagellum is expanded into 
an undulating membrane which extends down the edge of 
the cell. In this membrane there are eight fine contractile 
threads or myonemes, which are connected at the lower end 
with a modified nucleus called the blepharoplast The so- 
called Leishman-Donovan body, the parasite of dum-dum 
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fever or splenomegaly, a disease occurring in India and 
Africa, has recently been shown to be a stage in the life 
history of a flagellate protozoon. More recently the 
discovery of the protozoon nature of the genus SpirocJmte 
— hitherto placed amongst bacteria — a member of which 
occurs in syphilitic lesions, has strongly emphasised the 
significance of the group and given rise to the expectation 
of further important discoveries in relation to disease. 



1 T rypanosoma. gambicnse, bhowng nucleus., blepharoplatjt, 

and flagellum 

2 and 3 Individuals undergoing longitudinal fission. 

4 Leucocyte engulfing a trypanosome. 

Another highly important genus is Piroplasma {Babesia), 
a sporozoon. These are blood parasites, causing Texas 
fever in cattle and analogous diseases in horse, sheep, dog, 
and possibly man also. The parasite of Texas fever is 
transmitted through two generations of ticks. Lastly may 
be mentioned the parasites of malaria, Lavera7iia and 
Plasmodium, whose complicated life histories in mosquito 
and man are now well known 

General zoological interest. — The Protozoa illustrate, in 
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free and single life, forms and functions like those of the 
cells which compose the many-celled animals Typically, 
they show great structural or morphological simplicity, but 
great physiological complexity. Within its single cell the 
Protozoon discharges all the usual functions, while in a 
higher animal distinct sets of cells have been specialised for 
various activities, and each cell has usually one function 
dominant over the others. The Metazoan cells, in acquiring 
an increased power of doing one thing, have lost the 
Protozoan power of doing many things. 

The Protozoa remain at the level represented by the 
reproductive cells of higher forms, and are comparable to 
reproductive cells which have not formed bodies. In the 
sexual colonies of Vohox, however, we see the beginning of 
that difference between reproductive cells and body cells 
which has become so characteristic of Metazoa. The 
Protozoa are self-recuperative, and in normal conditions 
they are not so liable to “natural death’' as are many-celled 
animals. Weismann and others maintain that they are 
physically immortal. 

They illustrate — {a) the beginnings of reproduction, from 
mere breakage to definite division, either into two, as in 
fission, or in limited time and space into many units, as in 
the formation of spores within a cyst , {b) the beginnings of 
fertilisation, from “ the flowing together of exhausted cells ” 
and multiple conjugation, to the specialised sexual union 
of some Infusorians, Heliozoa, Sporozoa, etc, — wheie two 
individuals become closely united; along with this, the 
beginnings of maturation, as shown in the formation of 
polar nuclei in some Heliozoa, Sporozoa, Flagellata, and 
Lobosa , (z) the beginnings of sex, in the difference of size 
and of constitution sometimes observed between two con- 
jugating units {eg, in Coccidium)] {d) the beginnings of 
many-celled animals, in the associated groups or colonies 
which occur m several of the Protozoan classes These 
colonies show a gradation in complexity. Rapliidiophrys 
and other Heliozoa form loose colonies, which arise by the 
want of separation of the products of fission. Among the 
Radiolarians there are several colonial forms ; in these the 
individuals are united by their extra-capsular protoplasm, 
but are all equivalent. In Proterospongia the cells show 
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considerable morphological distinctiveness ; some are 
flagellate, some amoeboid, some encysted and spore- 
forming. Again, in Volvox, as we noticed above, the cells 
of the colonies show a distinction into nutritive and repro- 
ductive units. 



Fig 55 — A colonial flagellate Infusoiian — Proterospo 7 ioia 
haetkehi — After Saville Kent. 

There are about 40 flagellate individuals nucleus , h, contractile 
vacuole , amoeboid unit in gelatinous matriv , d, division 

of an amceboid unit, e, flagellate units with collars contracted, 
hyaline outer membranes , unit forming spores 

Lastly, in their antithesis of passivity and activity, con- 
structive and destructive preponderance, anabolism and 
katabolism, the Protozoa illustrate the phases of the cell- 
cycle, and so furnish a key to the variation of higher 
animals. 



CHAPTER VIII 

PHYLUM PORIFERA— SPONGES 

Class I Calcarea. 

Class II Hexactinellida. 

Class III Demospongiai-. 

Sponges seem to have been the first animals to attain 
marked success in the formation of a ^^body.” For though 
their details are often complex, their essential structure is 
simpler than the average of any other class of Metazoa, and 
some of the simplest forms do not rise high above the level 
of the gastrula embryo. A ‘'body’’ has been gained, but 
it shows relatively little division of labour or unified life ; it 
IS a community of cells imperfectly integrated The cells 
of the body show an arrangement in two distinct layers, 
which is one of the most essential characters of the 
Metazoa. There are no definite organs, and the tissues 
are, as it were, in the making. Sponges are passive, 
vegetative animals, and do not seem to have led on to 
anything higher,* but they are successful in the struggle 
for existence, and are strong m numbers alike of species 
and of individuals. 

General Characters 

Sponges are diploblastic {two^ayered) Metazoa^ the fuiddle 
stratum of cel Is ^ the 7nesogl(^a^ not attaining to the definiteness 
of a proper mesoderm. There is no coeloni or body cavity. 
The longitudinal axis of the body correspo?ids to that of the 
einbryo , tn other words, the general symmetry of the 
gastrula is retained. In these three characters the Sponges 
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agree with the Coele^itera^ and differ from higher {tri- 
plohlastic and coelo^nate) Metazoa. 

The body varies greatly m shape, even within the same 
species. It is traversed by canals, through 
which curreiits of water hear food in- 
wards and waste outwards. Numerous 
minute pores on the surface open into 
afferent canals, leading into a cavity or 
cavities lined by flagellate cells, many or 
all of which have a goblet shape with a 
delicate collar through which the flag- 
ellum rises (“ choanocytes ”). To the 
activity of the flagella the all-imp 07't ant 
water currents are due. The internal 
cavity may he a simple tube, or it may 
have radially outgrowing chambers, or it 
may he represented by branched spaces, 
from which affei^ent canals lead to the 
exterior. When there is a distinct central Fig, 
cavity there is usually but one large 
exhalant aperture {osculmn), but m other 
cases there are many exhalant apertures 
A delicate outer layer covers the body, 
and is perhaps continued into the affer- 
ent canals. Beneath the covering layer 
there is in all but the simplest forms a mass of cells (the 
mesogloed) which may be very varied in its composition. Thus 
there are scleroblasts making the skeleton of lime, flint, or 
spongin j amoeboid cells or phago- 
cytes, important in digestion and 
excretion , reproductive cells, and 
other elements. 

This median mass of cells is 
traversed by the afferent canals 
and by the diverticula of the 
ce?itral cavity or the branches of 
the original central cavity, lined 
by flagellate cells. It is difficult 
to call this cavity or system of 
cavities the gut or enteron, or to call the layer which lines it 
the endoderm, or the outer covering layer the ectoderm. In 


56. — Simple 
sponge {Ascetta 
prt m ordiali s ). — 
After Haeckel. 

Note the vase-like form, 
the apical osculum, the 
inhalant pores m the 
walls 



Fig. 57. — A sponge colony. 
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fact^ the sponges are very differejit from other Metazoa^ and 
represe^it a cut de sac t?i evolntiofi. 

Budding is very common^ 



and in a few cases buds are 
set adrift. Both hermaph- 
rodite and unisexual forms 
occur The sexually-produced 
embryo is almost always 
developed within the mes- 
ogloea,^ and leaves the sponge 
as a ciliated larva. With 
the exception of one family., 
all are mamne. 


Fig. 58 — Sponge spicules 

I, Monaxon , 2, tnod , 3, tnaxon , 4, 
tetraxon , 5, anchor 6, polyaxon , 
7, a kind of amphidxsc 


Description of a simple 
sponge. — A very simple 
sponge, such as Ascetta, is 
a hollow vase, moored at 




one end to rock or seaweed, with a large exhalant aperture 

at the opposite pole, and with 

numerous minute inhalant pores 

penetrating the walls. In the 

calcareous sponges, the pores are 

minute perforations in single cells 

The walls consist of— (i) a fiat 
covering layer ; (2) a mesogloea 

containing triradiate calcareous j 
spicules, phagocytes, and reproduc- ^ ' 

tive elements , and (3) a layer lining 
the central cavity, and composed of 
collared flagellate cells, like some i 

of the monad Infusorians (cf. Fig. ‘ 

More complicated forms. — But a Fig 59 — Section of a 
description of a simple sponge like ^ 

Ascetta conveys little idea of the ^ ^ , 

r ^ r -I Showing inhalant canals, 

structure of a complex form such as flagellate chambeis, a 
ththaxh-s^onge {Etispongia). Let us s“log!L/Sc"“”® 
consider the origin of complications 

{a) Sponges — long regarded as plants — are planMike in 
being sedentary and passive. They seem also to feed 


sponge — After F E. 
Schulze. 

Showing inhalant canals, 
flagellate chambeis, a 
gastrula foiniing m the 
mesoglcea, etc 
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easily and well. Like plants, they form buds, the outcome 
of surplus nourishment. These buds, like the suckers of 
a rose-bush, often ac- 
quire some apparent 
independence, and the 
sponge looks like many 
vases, not like one. 

Moreover, as they grow 
these buds may fuse, 
like the branches of a 
tree tied closely to- 
gether. Thus the struc- 
ture becomes more in- 
tricate. 

(^) In the simple 
sponge the cavity of the 
vase is completely lined 
by the collared flagellate 
cells {A scon type). But 
the inner layer may grow 
out into radial chambers 
to which the choan- 
ocytes are restricted 
{Sycon type), and the 
walls of these may also 
be folded into side aisles 
(Zeticon type). The out- 
growing of the inner 
layer into the mesoglcea 
may be continued even 
further, and the cells 
may become pavement- 
like except in the 
minute flagellate cham- 
bers, where alone the 
characteristic choano- 
cytes are retained (see 
Fig 60) 

It may be that the 
characteristic folding or outgrowth 



Fig 60 — Diagiam showing types of 
canal system — Aftei Korschelt and 
Heidei The flagellate legions are 
dark throughout, the mesoglcea is 
dotted, the arrows show the direction 
of the curients All the figuies re- 
present cross-sections through the wall 

A Simple A scon type (Pc., outer layer , En , 
inner la>er, , mesoglcea) 

B Sjfcvn type, with flagellate radial chambers 
(rc) 

C Leunvi type, with flagellate side aisles on 
the main radial chambers 
D Still moie coniplev type, with small flagel- 
late chambers (f ch.) 


of the inner layer is 
necessitated by the fact that the component cells are better 



128 


PHYLUM PORIFERA — SPONGES. 


nourished and multiply more rapidly than those of the 
outer layer. 

{c) By mfoldings of the outei layer and a subjacent 
sheath of mesoglcea — subdermal spaces may be formed; 
an outei cortex may be distinctly differentiated from the 
internal region in which the flagellate chambers occur ^ the 
pores may collect into sieve-like areas, which open into 
dome-like cavities ; these and many other complications 
are common. 

{d) The covering layer usually consists of flat epithelium, 
but flask-shaped cells have also been observed (Bidder). 
It may be folded inwards, as we have noticed, and, accord- 
ing to some, it also lines the inhalant or afferent canals in 
whole or in part. In a few cases, eg. Oscarella lohularis^ 
It is ciliated, and its cells may also exhibit contractility, as 
around the osculum of Ascetta dathrus^ though the con- 
tractile elements usually belong to the mesogluea. 

The inner layer consists typically of collared flagellate cells, 
but in the more complex sponges these are replaced, except 
in the flagellate chambers, by flat epithelial cells, with or 
without flagella 

The mesogloea contains very varied elements, and illus- 
trates the beginnings of different kinds of tissue. Thus 
there are migrant amoeboid cells (phagocytes) ; irregular 
connective tissue cells, spindle-shaped connective tissue 
cells, united into fibrous strands, contractile cells, eg. 
those forming a sphincter around the oscula of some forms, 
such as Fadiymatisma] skeleton-making cells; pigment- 
containing cells; supposed nerve cells, projecting on the 
surface, and believed to be connected internally with 
multipolar (ganglion^) cells, and lastly, the reproductive 
cells. 

(e) The skeleton consists of calcareous or siliceous 
spicules, or of spongin fibres, or of combinations of the 
two last. A calcareous spicule is formed of calcite, with a 
slight sheath and core of organic matter; a siliceous spicule 
is formed of colloid silica or opal , the spongin is chemically 
somewhat like silk. Uniradiate, biradiate, tnradiate, quadri- 
radiate, sexradiate, and multiradiate spicules occur, and 
they are effective in keeping the meshes open and in giving 
ihe body architectural stability. In every pole scaffolding 
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we see, as it were, huge hexactinelhd spicules, spliced to- 
gether with rope. It is convenient to distinguish the large 
macroscleres from the small microscleres. Each spicule 
begins to be formed by one or more ‘"scleroblasts,” and 
may be speculatively regarded as an organised intra- 
cellular excretion. During its growth,” Professor Sollas 
says, ‘‘the spicule slowly passes from the interior to the 
exterior of the sponge, and is finally (in at least some 
sponges — Geodia, Stelletta) cast out as an effete product.” 
The fibres of spongin are formed as the secretions of 
mesogloea cells, known as spongioblasts. 

Ordinary functions. — Excepting the fresh-water Spong- 
illidse, all sponges are marine, occurring from between 
tide marks to great depths After embryonic life is 
past, they live moored to rocks, shells, seaweeds, and 
the like. Their motor activity is almost completely 
restricted to the lashing movements of the flagella, the 
migrations of the phagocytes, and the contraction of 
muscular mesogloeal cells, especially around the exhalant 
apertures. In the closure of the inhalant pores, sponges 
show sensitiveness to injurious influences, but how far this 
IS localised in specialised cells is uncertain. 

The most important fact in the life of a sponge is that 
which Robert Grant first observed — that currents of water 
pass gently m by the inhalant pores, and more forcibly 
out by the exhalant aperture or apertures. This may be 
demonstrated by adding pow^dered carmine to the water. 
The instreaming currents of water bear dissolved air and 
supplies of food, such as Infusorians, Diatoms, and particles 
of organic debris. The outflowing current carries away 
waste. When a sponge is fed with readily recognisable 
substances, such as carmine or milk, and afterwards 
sectioned, the grains or globules may be found — {a) in the 
collared flagellate cells , {b) in the adjacent phagocytes of 
the mesogloea; {c) in the phagocytes surrounding the sub- 
dermal spaces, if these exist. It is uncertain whether the 
epithelium of the subdermal spaces or the flagellate lining 
of the deeper cavities is the more important area of absorp- 
tion, but it is certain that the phagocytes play an important 
part in engulfing and transporting particles, in digesting 
those which are useful, and in getting nd of the useless. 

9 
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In an extract of several sponges, Krukenberg found a 
(tryptic) digestive ferment, probably formed within the 
phagocytes, but digestion is wholly intracellular. 

Many sponges contain much pigment; thus the lipo- 
chrome pigment zoonerythrm (familiar in lobsters) is 
common Some pigments, such as floridine, may help in 
respiration. The green pigment of the fresh-water sponge 
IS closely analogous, if not identical, with chlorophyll, and 
probably renders some measure of holophytic nutrition 
possible. 

Reproduction. — If a sponge be cut into pieces, these may 
regenerate the whole — a fact which illustrates the relatively 
undifferentiated state of the sponge body. It is possible 
that fission may sometimes occur naturally. 

The frequent budding is merely a kind of continuous 
growth, but when buds are set adrift, as sometimes happens, 
we have discontinuous growth or asexual reproduction. 

In the fiesh-water Spongilhdse there is a peculiar mode of lepioduc- 
tion by statoblasts or gemmules. A number of mesogloeal cells occur 
in a clump, some forming an internal mass, others a complex protective 
capsule, with capstan-like spicules, known as amphidiscs. According 
to W IMarshall, the life history is as follows In autumn the sponge 
suffers from the cold and the scarcity of food, and dies away But 
throughout the moribund parent gemmules are formed. These survive 
the winter, and in April oi May they float away from the dead parent, 
and develop into new sponges Some become short-lived males, others 
moie stable females The ova produced by the lattei, and fertilised 
by spermatozoa fiom the former, develop into a summer generation of 
sponges, which, in turn, die away in autumn, and give rise to gemmules. 
The life history thus illustrate'^ v^hat is called alternation of genera- 
tions. Intel preted from a utilitarian point of view, the formation 
of gemmules is a life-saving expedient. As Professor Sollas says, 
“ the gemmules serve piimarily a protective purpose, ensuring the 
persistence of the race, while as a secondary function they serve foi 
dispersal.” 

All sponges produce sex cells, which seem to arise from 
amoeboid mesogloea cells retaining an embryonic character. 
In the case of the ovum, the amoeboid cell increases in 
size, and passes into a resting stage ; in the case of the 
male elements, the amoeboid cell fivides into a spherical 
cluster of numerous minute spermatozoa. The similar 
origin of the ova and spermatozoa is of interest. Most 
sponges are unisexual, but many are hermaphrodite. In 
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the latter case, however, either the production of ova or the 
production of spermatozoa usually preponderates, probably 
in dependence upon nutritive conditions. 

Development — It is not surprising to find that there is 
great variety of development in the lowest class of Metazoa ; 
it seems almost as if numerous experiments had been made, 
none attended with progressive success. 

The minute ovum, without 


any protective membrane, usu- 
ally lies near one of the canals, 
and is fertilised by a spermato- 
zoon borne to it by the water. 



It exhibits a certain power of 


migration, as in some Hydroids. 
Previous to fertilisation, the usual 
extrusion of polar bodies has 
been observed in a few cases, 
and IS doubtless general. Seg- 



mentation IS total and usually 
equal, and results in a spherical 
or oval embryo more or less 
flagellate. This leaves the parent 
sponge, swims about for a time, 
then settles down, and undergoes 
a larval metamorphosis often 



difficult to understand. It is 
peculiarly difficult to bring the 
history of the germinal layers in 
sponges into line with that in 
other Metazoa. 

Fig 61. — Development of Sycandra 
raphaims . — After F E. Schulze. 



1 Ovum. 

2 Section of 16-cell stage 

3 Blastula with 8 granular cells (g^ c ) at 

lower pole 

4 Free-swimmmg amphiblastula, with 

upper hemisphere of flagellate cells 
(f c), and lower hemisphere of granu- 
lar cells {gr c ). 

5 Gastrula stage settled down Ec , outer 

layer , En , inner layer ; bl , closing 
blastopore ; am ^ , mooring, amoeboid 
processes. 



am,p 
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{a) In the small calcareous sponge Sycandra raphamis {Fig 6i), as 
described by F E. Schulze, the segmentation results in a hollow ball 
of cells — the blastula. A few cells at the lower pole lemain large, 
and aie filled with nutritive granules , the other cells divide rapidly 
and become small, clear, columnar, and flagellate. The large granular 
cells become mvaginated, forming what is called a pseudo-gastrulal'^ 
This leaves the parent, and the cells foiming the lower hemisphere 
of the embiyo become rounded and 
non-flagellate The embryo swims foi 
a time actively, but the flagellate cells 
of the upper hemisphere are mvaginated 
into or overgiown by the large granular 
cells, and thus what is generally called 
the gastrula stage lesults. This soon 
settles down, on rock or seaweed, with 
the blastopore or gastrula mouth down- 
waids, and is mooied by amoeboid 
processes from the granular cells, which 
likewise obliterate the blastopore The 
granular cells lose their granules, for 
the larva is not yet feeding , the now 
internal flagella disappear m the absence 
of the stimulating water ; a mesogloea 
with spicules begins to be formed 
between the inner and outei layer, 
probably by migrants from the latter. 
But this disadvantageous stale of affairs 
cannot last Poies open thiough the 
walls, the entrance of watei enables the 
inner cells to recover then* flagella, and 
an exhalant apertiue is ruptuied at the 
upper pole The young sponge is now 
in an Ascoit stage, from which, by 
the outgrowth of the innei layer into 
ladial chambers, it passes into the 
permanent Syton form, glows into a 
cylinder, and becomes differentiated in 
detail (Fig. 6i) 

{b) In Oscarella (Halisarca) lobtdarT^ 
(Fig 62), a sponge without any skeleton, 
the ovum segments equally into a 
blastula, which is flagellate all over. 
This free-swimming stage may be in- 
vaginated from either pole to form a 
hemispherical gastrula, which settles mouth downwards. Pores, an 
osculum, and the mesogloea are formed as before, and the inner layer 
becomes folded into flagellate chambers. 

The mam features of sponge embryology are thus summarised by 



Fig. 62. — Diagrammatic re- 
presentation of development 
of Oscarella lobularis. — 
After Heider. 

Bl , Free-swimming blastula with 
flagella , G , gastrula settled 
down. 

Next figure shows folding of inner 
layer {En) , Ec , outer layer 

Lowest figure shows radial cham- 
bers {R.C ) , Mesogloea (Mg ) , 
inhalant pore (/*.), exhalant 
osculum (d)-) 


Minchin • — ■ 

‘^I. The larva is composed of thiee classes of cell-elements (l) 
Columnar flagellated cells, forming the outer covenng or localised at 
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the anterior pole ; (2) rounded, more or less amoeboid elements, rarely 
flagellated, forming the inner mass or aggregated at the postenor 
pole; and (3) the archreocytes, usually scattered in the inner mass 
and often represented by undifferentiated blastomeres . . . 

“ 11 . The laiva fixes and undergoes a metamorphosis whereby the 
flagellated cells become placed in the interior, while the cells of the 
inner mass come to surround them completely 

“ III. (i) The flagellated cells of the larva become the choanocytes 
of the adult (gastial layer), acquiring a collar ; . . . (2) the inner mass 
gives use to the dermal layer in its entirety; . (3) the aichmoc>tes 
become the wandeimg cells of the adult, from which the reproductive 
cells aiise.” 

It is interesting to note that the primitive geim-cells are eaily set 
apart 

Classification. — 

Class I. — Calcarea. With skeleton of calcareous spicules , — 

Grade 1 . — Homocoela. — Continuous internal layer of collared 
flagellate cells, e g Ascetta^ Lentosolema. 

Grade II. — Heteiocoela, — Collared flagellate cells lestncted to 
radial tubes 01 chambeis, eg. Sycon {Giantia), 

Class 11 . — Hexactinellida, or Tnaxonia, with sexradiate siliceous 
spicules (tiiaxons) The members live chiefly in deep water, 
eg Venus Flower-Basket [E2tplectella) and the Glass-Rope 
Sponge {Hyaionema), 

Class III — Demospongise Skeleton of siliceous spicules, but never 

triaxons, or of spongm fibres, 01 of spongin fibres and siliceous 
spicules, 01 absent 

Giade I — Tetiaxonida, typically with tetiaxon spicules, e.g. 
Pat hymatz^ ma, Tehlla 

Giade II. — Monaxonida, with monaxon spicules, sometimes with 
spongin m addition, eg Mermaid’s Gloves {Chalma oczdata), 
Ciumb-of-Biead Sponge {Haltckondz'ia or Amorphina pazucea). 
Fresh- Water Sponge (Spofzgilla). 

Grade III. — Ceratosa, “horny” sponges with or without spicules, 
eg the Bath -Sponge {Ezispoiigza). 

Grade IV. — Myxospongida, without any skeleton, eg. Hahsarca 
and Oscarel/a. 

A very remarkable foi m called Merha seems to have both a siliceous 
and a calcareous skeleton 

History. — Sponges, as one would expect, date back almost to the 
beginning of the geological record. Thus the siliceous Protospongia 
occurs in Cambrian locks, and in the next seiies — the Silurian — the 
mam groups are already represented From that time till now’- they 
have continued to abound and vary. 

The division between calcareous and siliceous sponges goes deep 
down to the very roots of the phylum, and the siliceous branch must 
have divided very eaily into Tnaxonia and Tetraxonia. 

(Ecology. — Sponges are living thickets in which many 
small animals play hide-and-seek. Many of the associa- 
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tions are harmless, but some burrowing worms do the 
sponges much damage. The spicules and a frequently 
strong taste or odour doubtless save sponges from being 
more molested than they are; the numerous phagocytes 
wage successful war with intruding micro-organisms. Some 
sponges, such as Chona on oyster-shells, are borers, and 
others smother forms of life as passive as themselves. 
Several crabs, such as Dromia^ are masked by growths of 
sponge on their shells, and the free transport is doubtless 
advantageous to the sponge till the crab casts its shell. 
A compact orange-coloured sponge (Suderites dommicula) 
of peculiar odour often grows round a whelk-shell tenanted 
by a hermit-crab, and gradually dissolves the shell-substance. 
Within several sponges minute Algse live, like the “ yellow 
cells ” of Radiolarians, in mutual partnership or symbiosis. 
One of the cuttlefishes, Rossia glaucopis^ puts its eggs care- 
fully into pockets in the substance of a siliceous sponge 
Finally, sponges deserve mention as factors in human 
civilisation. 

General zoological position. — Sponges form the first 
successful class of Metazoa. They illustrate the beginnings 
of a body,’^ and the beginnings of tissues. Along vnth 
the C^l e ntera, they differ markedly from the triploblastic, 
Uceiomate ivietazda, which do not retain~^e radial 
symmetry of the gastriTla. In their germinal Tav^s and 
i ^heirTnternal ca^tv they differ .SQ lmiidi-JmrnC^lent^ 
arm all other Metazoa, that they must be regarded as on 

a by-road ot evolution. This has been einpha^ed by 

Tmfessor~Ray Lankester in the term *^Parazoa” , he speaks 
of them as a sterile stock. 

Their origin is wrapped _in^ obscurity ; it mav be that 
they are^ the non - progressive descendants of primitive 
gastrula-like ancestors with a sluggish constitution. The 
presence of choanocytes suggests a relationship with certain 
of the flagellate Protozoa (Choanoflagel]ata\ and Protero- 
spongta (.big. 5^) may possibly be regarded as a connectin g 

EE 

iNCERTiE SeDIS. MeSOZOA 

The title Mesozoa was applied by Van Beneden to some simple 
organisms which appear to occupy a very humble position in the 
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Metazoan senes He legarded them as intermediate between Piotozoa 
and Metazoa ; but others have remarked on their resemblance to 
Platyhelmmthes, and especially to the sporocysts of ceitain Flukes. 
They may perhaps be regarded as precociously lepioductive sporocysts. 
It will be enough here merely to notice four types * — 

I. Dicyemidse (type Dtcyema) occur as paiasites in Cephalopods ; 



Fig 63. — A Young Dicyema — 
After Whitman. B. Female 
Orthonectid [Rhopaliira giar- 
After Julin. 

e , Ectoderm , en , inner endoderm cell 
with nucleus (n ) ; and embryo (em ) 
Note the segmentation and the 
fibrillation supposed to be muscular 


Fig 64 . — Sahnella — 
After Frenzel. 

1 Longitudinal section — 

a , anterior , p , pos- 
terior. 

2 Transverse section. 


the body consists of a ciliated outer layer, enclosing a single multi- 
nucleate inner cell, within which egg-like germs develop, apparently 
without fertilisation, into dimorphic embiyos (see Fig. 63, A). 

2 Orthonectidje (type Rhopalura) occui as parasites in Turbellarians, 
Brittle-stars, and Nernerteans, the body is slightly ringed, and con- 
sists of a ciliated outer layer, a subjacent sheath of contractile fibres, 
and an internal mass of cells, among which ova and spermatozoa 
appear. The sexes are separate and dimorphic (see Fig. 63, B). 
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3 Professor F. E Schulze discovered a small marine oiganism — 
Trichoplax adhccrens — m the form of a thin, ^/i? e£-l2iyered, externally 
ciliated plate , and Monticelli recoids a similar form undei the title 
Tieptoplax adharens But Trichoplax is now said to be the planula 
of the Hydromedusan Eletithei^ia. 

4 Professor J. Frenzel discoveied in biine solutions a minute 
Turbellarian-like organism — Sahnella salve — whose body consists of 
one layer of cells (Fig. 64) There is an anteiioi mouth, a ciliated 
food canal, and a posterior anus The vential suiface is finely ciliated, 
the other cells beai short bristles. The animal reproduces by trans- 
verse fission, but conjugation and encystation also occui. 

It must be confessed that some corioboiative evidence in regaid to 
this peculiaily simple animal is much to be desiied. 
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PHYLUM CCELENTERA 


C/ass I. Hydrozoa. 

Hydroids and 
Medusoids 

C/ass 2. SCYPHOMEDUS^. or 
Acra&peda. 
Jelly-fishes 


C/ass 3 Anthozoa or 
Actinozoa. 
Sea-anemones, 
Madrepore-coralSj 
Alcyonarians, etc 
C/ass 4. Ctenophora. 


The Coslentera — including zoophytes, swimming-bells, jelly- 
fish, sea-anemones, Alcyonarians, corals, and the like — form 
a very large series of Acoelomate Metazoa, i e. multicellular 
animals without a body cavity. Their simplest forms are 
not much above the level of the simplest sponges, but the 
series has been more progressive Thus many illustrate 
the beginnings of definite organs In their variety they 
seem almost to exhaust the possibilities of radial symmetry, 
and some types (e.^. Ctenophora) may be regarded as 
pioneers of the yet more progressive bilateral “worms.” 
Many are very vegetative, deserving the old name of 
zoophytes (which should rather be read backwards — 
Phytozoa), and in their budded colonies afford interesting 
illustrations of co-operation and division of labour. With 
the exception of three or four fresh-water forms like Hydra^ 
all are marine 


General Characters 

The Coekfiiera are ahnost always radially symmetrical 
anwials in which the primary long axis of the gasfrula 
becomes the long axis of the adult. Thei'e is no body cavity, 
or coelom, distinct from the digestive cavity {enterofi) and its 
outgrowths. In the lower members of the phylum, the 
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primary ope?iing of this cavity becomes the mouth of the adult, 
but in the more specialised types thei'e is an {ectodermic) oral 
invagination, inihich forms a gullet-tube or stomodceum 
Between the ectoderm and endoderm of the body wall there 
IS a supporting layer, or mesoglcea, often of jelly-like con- 
sistency, In Cteiiophora, however, a more definite mesoderm 
is established at an early stage in development. In the 
simplest cases the mesogloea is a secretion quite devoid of cells, 
but secondary cells may fmgrate into it from the eiidoderm. 
Stinging cells of varying coinplexity are almost always present, 
but in most of the Ctenophora their place is taken by adhesive 
cells. 

The Cc&lentera exhibit two types of structure — polypoid 
and medusoid — which recur in modified forms throughout the 
group, and may he both present in the course of one life 
history, when they illustrate the phenomenon of alternation of 
generations, or metagenesis. The more primitive type is the 
sessile tubular polyp, which, at its simplest, may be com- 
pared to a gastrula fixed by one end, and furnished with a 
crown of tentacles round the central aperture of the other pole. 
The other derived form, which has become specialised in 
various directions, is the active medusoid or jellyfish type. 
In several divisions the formation of a calcareous “ skeleton ” 
by the polypoid type results in the productioii of ‘‘ corals ” 
Multiplication by budding is common, and often results in the 
formation of colonies, some of which show considerable divi- 
sion of labour. 

The preservation of the brimarv axis, the absence of tru e 
mesoderm and of a coelom, are often said to disting uish 
'Coelentera and S ponges from the other Metazoa { Coelomaia ), 
but the results'^ oj recent researches on the nature of the 
m esoderm seem to rob this disti nction of part of its precision. 

General Survey 

The Ccelentera or “Stinging animals” include a large 
number of familiar and beautiful forms. The graceful 
zoophytes which fringe shells and stones, and the tiny 
transparent bells which float in the pools j the sea-anemones 
which cluster in the nooks of the rocks, and the active jelly- 
fish which swim on the waves, are but different expressions 
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of the antithesis between sedentary polypoid and active 
medusoid types which is characteristic of the phylum. The 
delicate iridescent globes, which represent the class 
Ctenophora, illustrate the climax of activity, and have no 
hint of a sedentary phase. 

In our preliminary survey of the series, we may begin 
with the little fresh-water Hydra (Fig. 68), which is often 



Fig. 65 — Diagram of Coelenteiate stiuctuie, endoderm 
darker throughout. 

1 To left, shows longitudinal section of Hydra , to right, of 

sea-aneraone g , gut , gl , incipient gullet 

2 To left, shows cross-section of H>dra, to right, of sea- 

anemone, in the region of the gullet 

3 To left, shows vertical section of Craspedote Medusoid 

(with velum); to right, of Acraspedote Medusa, with- 
out velum g , gut , gl , gullet 

Note anatomical correspondence of the polypoid and medu- 
soid forms 

to be found attached to the stems and leaves of water- 
plants. The structure here is extremely simple, but the 
simplicity is probably due to degeneration. In favourable 
coriditions the polyp may give off daughter buds, which 
remain for a time attached to the parent, and then separate 
as independent polyps. The bud itself, before leaving 
the parent, may also bud, so that three generations are 
present. If we picture this process of gemmation, but with 
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imperfect separation of the units, continued indefinitely, we 
can understand the formation of hydroid colonies, such as 
the zoophytes. In such cases the colony is usually sup- 
ported by an organic sheath {perisarc) of varying complexity. 

But the members of such a colony do not usually remain 
similar and equivalent. In Hydracimia, for example, which 
often grows on a Gastropod shell tenanted by a hermit- 
crab, the colony consists of polyps of varied structure and 
function. Some of the polyps are nutritive “persons,” 
like Hydra in appearance , some are reproductive “ persons,” 
with rudimentary tentacles, with or without a mouth , others 



Fig. 66 — Colony of Hydrachma on back of a Buccmum 
shell tenanted by a hermit-crab. 


are long, slender, mobile, sensitive, often abundantly fur- 
nished with stinging cells j while the little protecting 
spines at the base of the colony may perhaps be abortive 
“ persons ” All these polyps are united by connecting 
canals at the base. Thus Hydractinia polymorphism 

among the members of the colony, and a tendency towards 
more or less division of Jabour is commoinFtne Loelentera 
In most hydroid colonies the division dt labour only 
amounts to dimorphism ; there are reproductive “ persons,” 
different from the ordinary polyps. These are in tnany 
cases sessile and mouthless, or they may after a time 
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become detached and float away as delicate, pulsating 
swimming-bells These swimming - bells are male and 
female, they give rise to male and female elements, and so 
to embryos, which, after a time, settle down and form new 
zoophyte colonies. This is an instance of alternation of 
generations 

Again, just as the predominance of passivity is exhibited 
in Hydractima and some zoophytes, where the active 
swimming - bell stage is 
left out of the life history, 
so the predominance of 
activity is exhibited in 
the permanent medus- 
oids, e g, Geryonia^ where 
the sedentary hydroid 
stage IS omitted, and the 
embryo becomes at once 
medusoid. Finally, the 
medusoids themselves 
may become colonial, 
and we have active float- 
ing colonies, like those 
of the Portuguese man- 
of-war, which show, on a 
different plane, as much 
polymorphism as Hydrac- 
tinia 

The same general con- 
clusions apply to the jelly- 
fish and sea-anemones. 

The jelly-fish present a 
strong resemblance to 
the medusoids, but are distinguished from them by their 
usually greater size^ as well as by greater complexity and 
several anatomical differences. It is in accordance with 
this increased complexity that the alternation of active and 
passive forms, though as real, is less obvious. But even 
here we find one type (^Pelagtd) always locomotor, another 
{Aur-eha) whose early life is sedentary, and others (Lu- 
cernarians) which in their adult life are predominantly 
passive, and attach themselves by a stalk. 



Fig. 67. — Diagram of a typical 
Hydrozoon polyp. — After Allman. 

EC., Ectoderm; EN., endoderm, C., the 
cavity of the gut (coelenteron) , G., 2. re- 
productive bud , T , a tentacle , H , hypo 
htome or oral cone , Jlf , mouth 
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The sea-anemones and their numerous allies may be 
regarded as bearing a relation to the jelly-fish, somewhat 
similar to that which the hydroid polyps bear to the 
swimmmg-bells (Fig. 65). They are, however, much more 
complicated in structure than the hydroids. Solitary forms 
are much commoner than in the hydroids, but the colonial 
type IS nevertheless very frequent. The colonies may be 
supported by an organic framework only, but very commonly 
there is a tendency to accumulate lime in the tissues, which 
results in the formation of ‘‘corals.” It should be noted, 
however, that various quite distinct polypoid types may 
form “ corals ” Thus, while the most important reef-building 
corals are included in the Anthozoa, the Millepore-corals 
are hydroids. 

Finally, as the corals are predominantly passive, so there 
is a climax of activity in the Ctenophores, which move by 
cilia united into combs, and often shine with that “phos- 
phorescence ” which IS an expression of the intensity of life 
in many active animals. 

As to diet, many of the larger forms, eg, sea-anemones 
and jelly-fish, are able to engulf booty of considerable size ; 
the active Ctenophores are carnivorous, attaching them- 
selves by adhesive cells to one another, or to other small 
animals , but most Coelentera feed on small organisms, in 
seizing and killing which the tentacles and stinging cells 
are actively used. 

Stinging cells or cnidoblasts are so chaiacteristic of Coelentera that 
they deseive particular notice They occur m all Ccelentera except 
the Ctenophores, and even there they have been detected in Etuhlora 
ruhra They also occur in some Turbellanan worms, and in the 
papillce of Alolid nudibranchs amongst molluscs ; but it has been 
shown that these animals obtain their nematocysts from the Ccelentera 
on which they feed Each cmdoblast contains a capsule 01 nemalo- 
cyst, which encloses a coiled lasso lying in an iriitant gelatinous 
substance The nematocyst fills most of the cell, but there is a nucleus, 
etc , besides. At the distal end theie may be a trigger-like cnidocil 01 
a fringe of bustles, etc. At the pioximal end theie may be fixing 
processes. In some Anthozoa the coiled lasso is simply ruptuied out, 
but in most cases it is evagmated The basal pait of the lasso is 
often stronger than the rest, and may bear stilets ; spirally arranged 
roughnesses and bristles are also frequent on the thread itself. The 
explosion of the cmdoblast is believed to be due to an entrance of 
water, which causes the gelatinous substance to swell up According 
to others, the cmdoblast contracts as a whole. The action of the 
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threads is both mechanical and chemical. They are fixed, ^ ^ b} help 
of the stilets, into the victim, and the secietion poisons the wound, 
causing paialysis or death in small animals, and may also act as a 
solvent 


Types of Ccelentera 



First Type — Hydra, a simple representative of the 
Class Hydrozoa 

General life. — The genus — cosmopolitan, like many 

other small fresh-water animals — is represented by several 
species, e.g. the green Hydra mndis^ the brownish H. oligactis 
or fusca^ and the orange H vulgaris 
or grisea^ widely distributed in fresh 
water. They are among the simplest 
of Ccelentera, for the body is but a 
two -layered tube, with a crown of 
(6-10) hollow tentacles around the 
mouth, and with no organs except 
those concerned in reproduction 
The body is usually fixed by its base 
to some aquatic plant, often to the 
lower surface of a duckweed. It 
may measure l-i inch in length, but _ 1 

It IS as thin as a needle, and contracts 
into a minute knob. 

The animal sways its body and 
tentacles in the water, and it can also 
loosen its base, lift itself up by its tentacles, stand on 
its head, or creep by looping movements According 
to some observers, its movements are helped by fine 
pointed pseudopodia protruded from the ectoderm cells 
of the tentacles and base, and by threads ejected from 
large cylindrical stinging cells Usually, however, the Hydra 
prefers a quiet life. It feeds on small animals, which are 
paralysed or killed by stinging cells on the tentacles, and 
are swept into the tubular cavity of the body by the action 
of flagella on the internal cells. Sometimes animals as 
large as water-fleas (e.g, Daphnia) are caught, and the 
Hydra may sometimes be seen struggling fiercely with 
a small Annelid worm (Tubifex). Infusorians (Fuplotes, 


ing from watei -weed. 
— After Greene. 

«7S/jO\ary, , testes 
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etc ) are often seen wandering to and fro on the surface 
of the Hydra^ but these wonted visitors do not provoke the 
stinging cells to action. 

So simple is Hyd7'a^ that a cut-off fragment may giow 
into an entire animal. Thus the Hydra may be multiplied 
by being cut in pieces The two conditions of a fragment 
regenerating a whole are — (i) that the fragment be not too 
small, and ( 2 ) that it be a fair sample of the various kinds 
of cells in the body Thus neither a little corner off the 
base nor the tip of a tentacle will grow into a new Hydra, 
If the animal be turned inside out (a delicate operation), 
the status qtio is soon restored. The Abbe Trembley, who 
first made this experiment, thought that the out-turned 
endoderm assumed the characters of the ectoderm, and 
that the inturned ectoderm assumed the characters of 
endoderm. But this is not the case. Either the animal 
rapidly rights itself by turning outside in, or, if this be 
prevented, the inturned ectoderm disappears internally, 
and by growing over the out-turned endoderm, from the 
lips downwards, restores the normal state. 

In favourable nutritive conditions, the Hydra forms buds, 
and on these a second generation of buds may be developed. 
A check to nutrition or some other influence causes the 
buds to be set adrift. Sometimes a Hydra divides across 
the middle, and each half grows into a complete polyp m 
a few days. Besides these asexual modes of multiplication, 
the usual sexual reproduction occurs. 

G-eneral structure. — The tubular body consists of two 
layers of cells, i e, the animal is diploblastic. The cavity 
is the gut, and it is continued into the hollow tentacles. 
These, when fully extended, may be much longer than the 
body. The mouth is slightly raised on a disc or hypostome. 
Of the two layers of cells, the outer or ectoderm is trans- 
parent, the inner or endoderm usually contains abundant 
pigment. On the tentacles especially, even with low power, 
one can see numerous clumps of clear stinging cells. The 
male organs appear as ectodermic protuberances a short 
distance below the bases of the tentacles ; the ovary, with 
a single ovum, is a larger bulging farther down. Both male 
and female organs may occur on the same animal, either 
at one time or at different times, but often they occur on 
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different individuals. Abundant food favours the develop- 
ment of female forms ; when food is scarce males are more 
abundant. The buds have the same structure as the parent 
body ; in origin they appear to be mainly due to multiplica- 
tion of interstitial cells. 


Minute structure. — The outer layer or ectodeim includes the 
following different kinds of cells — 



Fig 69 — Minute stiuctuie of Hydra — After T J Parker and Jickeli 

A Ect , ectoderm , 7ng , mesoglceal plate , si c ^ stinging cell , Efid , endo- 
derm with flagella and amceboid processes 
B n c , nerve cell, and si c., stinging cell 
C Stinging cell with ejected thread , n , nucleus 
D Mesoglceal plate (?/ig ) with contractile roots resting on it 
E 7 ;z c , muscular cell with contractile roots, c r 

(i) Large covering or epithelial cells, within 01 between some of 
which he the stinging cells. The epithelial cells are somewhat conical, 
broader externally than internally, and in the interspaces lie interstitial 
cells By certain methods, a thin shred can be peeled off the external 
surface of the ectoderm cells This is a cuticle^ i.e. a pellicle no 
longer living, produced by the underlying cells. 

(ifz) Many of these large cells have contractile basal processes, or 
roots, running parallel to the long axis of the body, and lying on a 
10 
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middle lamina which sepaiates ectodeim from endodeim (Fig 69, E). 
The cells themselves are contiactile, but theie is special contractility 
in the roots. Like the muscle cells of higher animals, they contiact 
undei certain stimuli, and aie often called “ neuro-muscular ” But the 
piesence of special nerve cells shows that even in Hyd^a there is a 
difterentiation of the t^^o functions of contractility and mitability. 

(2) Stinging cells 01 cnidoblasts occur abundantly on the uppei paits 
of the body, especially on the tentacles Each contains a piotiusible 
nematocyst. This consists of a sac, the neck of which is doubled in 
as a pouch, usually beaiing inteinal barbs, and prolonged into a long, 
hollow, spirally coiled filament or lasso. This lasso is bathed in a 
fluid, piesumably poisonous On its free suiface the stinging cell usually 
bears a delicate tugger hair or cmdocil Under stimulus, whether 
directly from the outside or from a nerve cell, the cmdoblast explodes 
and the nematocyst is thrown out With the help of the barbs they 
penetrate through even a chitmous membiane, and the secieted fluid 
has a solvent action The victim is held fast and diawn closer. 
Besides the ordinary stinging cells, there are others of small size which 
coil into a spiral after explosion 

(3) There is to the innei aspect of the covering cells a netwoik of 
ganglion cells and neive processes. More supeificially there are 
minute sensoiy cells, some of them connected by fine fibres with the 
ganglion cells. 

(4) Small interstitial or indiffeient units fill up chinks in the ecto- 
derm, and seem to giow into reproductive, stinging, and othei cells. 

(5) Granular glandular cells on the basal disc 01 “foot” probably 
seciete a glutinous substance. They are also said to put out pseudo- 
podia, and so move the animal slowdy. 

The endoderm is less varied. Its cells are pigmented, often 
vacuolated, and most of them are either flagellate or amoeboid. The 
pigment bodies in H. vindis are like the chlorophyll corpuscles of 
plants ; it seems almost ceitain that they aie unicellular Algse. When 
a green Hydra liberates an egg while kept in the dark, that egg gives 
rise to a white Hydra^ which is supposed to imply that the partner 
Algte do not migiate into the egg when there is no light. In the other 
species of Hydra, the pigment is quite different from chloiophyll. 
The active lashing of the flagella causes currents which waft food in 
and waste out. If some small animal, stung by the tentacles, is thus 
wafted in, it may be directly engulfed by the amoeboid processes of 
some of the cells, and it has been noticed that the same cell may be at 
one time flagellate and at another time amoeboid (cf. the cell-cycle, 
p. 107) After this direct absoiption the food is digested within the 
cells, and while some of the daik gianules seen in those cells may be 
decomposed pigment bodies, others seem to be particles of indigestible 
debris Thus Hydra illustrates what is called mtiacellular digestion, 
such as occurs m Sponges, some othei Coelenlera, and some simple 
“ worms.” But experiments show that some of the food may be 
digested in the gut cavity, and subsequently absorbed Thus it seems 
that both intracellular and extracellular digestion occui. 

Some of the endodeim cells have muscular lOots like those of the 
ectoderm They he on the inner side of the middle lamina, in a trans- 
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verse or circular direction A few cells near the mouth and base are 
desciibed as glandularj and the presence of a few stinging cells has 
been recorded, though some suggest that the last are discharged ecto- 
dermic nematocysts which have been swallowed 

The middle lamina, lepresenting the mesoglcea, is a thin homogene- 
ous plate, bearing on its outei and inner surfaces the muscular roots of 
ectodermic and endodermic cells (Fig. 69, D) 

It is histoi really mteiesting to notice the important step which was 
made when, in 1849, Huxley definitely compared the outer and inner 
layers of the Coelentera with the epiblast and hypoblast which embry- 
ologists w'eie beginning to demonstiate m the development of higher 
animals Not long afterwards, Allman applied to the two layers of 
hy droids the terms ectoderm and endoderm. 

The division of labour among the cells of Hydra is not very strict, 
but already the essential characteristics of ectoderm and endoderm are 
evident. We may summanse these as follows, comparing them with 
the characteristics of epiblast and hypoblast in higher animals — 


Outer La\er 

Middle Laver 

Inner Laver. 

In Hydra the ectoderm 
forms — 

Covering cells, stinging 
cells, nerve cells, muscle 
cells, etc. 

None in Hydra., apart 
from the middle lamella 

in Hydra the endoderm 
forms — 

Digestiv e cells lining 
the food canal, and also 
muscle cells, etc 

The embryonic epiblast 
of higher animals grows 
into epidermis, nervous 
system, and essential parts 
of sense organs 

The mesoblast of higher 
animals becomes muscu- 
lar, connective, and skele- 
tal tissue 

The embry onic hypo- 
blast of higher animals 
always lines the digestiv e 
part of the food canal. 


Tile reproductive organs — {a) Fiom nests of repeatedly dividing 
interstitial cells, several (1-20) simple male organs or testes are formed. 
Each consists merely of a clump of male elements or spermatozoa, 
bounded by the distended ectoderm Through this the spermatozoa 
are extruded at inter\'als, and one may fertilise the ovum of the Hydra, 
In other woids, self-fertilisation, which is very rare among animals, 
may occur The spermatozoon is a motile cell, wdth a minute cylin- 
drical “head” consisting of nucleus, a more minute middle-piece, and 
a long thread-like vibratile tail (Fig. 70, i) 

{h) Usually there is but one female organ or ovary, but in H. fusca 
as many as eight have sometimes been observed. The ovary arises, like 
the testes, from a nest of interstitial cells, in the centre of which, distinct 
from the start, the single ovum lies In rare cases in H vtridiSy 
H. fusca^ and H grzsea there are two ova ; in H, dtaxza there may be 
several 

Development. — The ovum of Hydra is the successful central cell 
in the ovary. It is at first amoeboid, and becomes more and more 
rich at the expense of its neighbours. Their remains (perhaps nuclei) 
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accumulate within the ovum as ‘‘yolk spheiules” or “pseudo-cells ” 
Some yolk-granules, formed within the ovum, may coalesce in “ pseudo- 
cells” of another type. With increase of size the ovum changes its 
foim fiom amoeboid to cake-like, and from that to spherical. Around 
the spherical ovum a gelatinous sheath is formed. When the limit of 
growth IS leached, the nucleus or germinal vesicle divides twice, and 
two polar bodies are extruded at the distal pole Theie are twelve 
chioniosomes to begin with, and by the reduction division in forming the 
hist polai body, the numbei is reduced to six Thereafter the ectodeim 
of the parent Hydra yields to the increasing strain put upon it, and 



Fig. 70 — Development of Hydra , — After Brauer. 


I. sp,^ spermatozoa. 

2 Amoeboid ovum; germinal vesicle or nucleus, ys^ jolk 

spherules 

3 Ovum with lobed envelope {sh ) aiound it 

4 Ovum protruding , « , the nucleus , ect , the ruptured ectoderm , 

end , the endoderm 

5 Section of blastosphere — Ect , ectoderm , End , endoderm — 

being formed 

6 Section of larva Ect , ectoderm , End , endoderm , ^ c , gut 

cavity sh , ruptured envelopes 

ruptures, allowing the ovum to protrude. By a broad base it still remains, 
however, attached to the parent, and m this state it is fertilised, the 
spermatozoon entering by the distal pole (Fig 70, 4) 

The segmentation which follows is total and equal, and results in 
the formation of a blastosphere (Fig 70, 5). By inwandering, or by 
division of the cells of the blastosphere, an internal endoderm is formed, 
and this formation takes place on all sides. In a word, it is multipolar 
The segmentation cavity of the blastosphere is thus filled up, and the 
two layers become differentiated from one another. 

The outer or ectodermic layer forms — [a) an external “chitinoid” 
shell of several layers ; {b) an internal membrane, homogeneous, thin, 
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and elastic ; and (<:) the future ectoderm of the adult. In Hydra fttsca 
the egg IS separated from the parent before the shell is formed, and is 
fastened b) its gelatinous sheath to aquatic plants ; in H vi] idii, and 
H gnsea the egg falls off after the outer shell has been formed In 
all species the separation from the parent appears to be followed by a 
period of quiescence lasting from one to two months It is probable 
that this resting-stage is carried by u ind and birds from one water basin 
to another. 

Within the shell differentiation at length recommences, but it pro- 
ceeds slowly. Interstitial cells arise in the ectoderm , a middle 
lamella is formed ; a gastric cavity begins to appear in the midst of the 
endoderm Thereafter the shell bursts, and development proceeds 
more rapidly. The embr>o elongates, acquires a mouth by rupture at 
the distal (sometimes called vegetative) pole The inner sheath is also 
lost, and the young Hydra fixes itself and begins to li\e as its parent or 
parents did 

Forms like Hydra. — Even simpler than Hydra is Protohydra^ 
without tentacles, occurring both m the sea and in fresh w ater. An 
American fresh- water form [Miciohydra }yderi) is known to liberate 
free-swimmmg medusoids A fresh-water Medusoid Limnocodmm was 
found in the Victoria Regia tanks in the Botanic Gardens, Regent’s 
Park, London. Its nati\e habitat is unknown. Another species, 
L kawaii^ has been found in the Jantszekiang in China, 1000 miles 
from Its mouth A related form, Li 77 inoc 7 itda^ occurs m Lakes Tangan- 
yika and Victoria Nyanza, and in the nver Niger. A strange simple 
polype — Polypodtuju — has been found as a parasite on the eggs of 
sturgeons Further details in regard to all these forms are much 
wanted. 


Second Type ^Cctlentera. — A Medusoid. 

Class Hydrozoa 

Hydra is too simple to be thoroughly typical of the 
Hydrozoa. The class includes the hydroid colonies or 
zoophytes, which may be compared to Hydrce with many 
buds, and also free medusoid forms, which may be {a) 
liberated members of a hydroid colony, or (3) independent 
organisms. Besides these there are complex colonies of 
medusoid forms (Siphonophora). 

The hydroid type, except in minor details, usually 
resembles Hydra. In some cases the tentacles are solid, 
instead of hollow as in Hydra, and they may be arranged in 
two circles, — an outer and an inner {e.g. Tubularia). In 
some of the hydroid colonies, notably the Millepores and 
Hydractinia, the polyps are very dissimilar to one another, 
and have become specialised for the performance of different 
functions. 
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The medusoid type is like an inflated hydroid adapted 
for swimming. It is bell-shaped, and down the middle of 
the bell hangs a prolongation — the manubrium — which 
terminates in the mouth. Around the margin of the bell 
there is a little shelf, the velum or craspedon, which projects 
inwards, and is furnished with muscle cells. The margin of 



Fig. 71 — Bougainvillea. — After Allman 
A A small piece of a hydroid colony 

P , Pensarc , ui , medusoid bud , h , hydranth or polyp head 
B A medusoid , ma , manubrium , r c , radial canal , s , sense- 
organ 

the bell also bears tentacles, usually hollow, and abundantly 
furnished with stinging cells (Fig. 65, 3). 

On the convex surface of the bell the ectoderm forms 
simply an epithelial layer; on the concave surface it is 
differentiated into muscle cells on the velum, the manu- 
brium, and the tentacles, nerve cells at the base of the 
velum, and stinging cells on the tentacles The endoderm 
is ciliated ; it lines the food canal, and extends also into the 
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tentacles. The mesogloea forms a thickened jelly, present 
more especially on the convex (ex-umbrellar) surface. 

The mouth opens into the canal of the manubrium, which 
leads to the central cavity of the dome. With this a varving 
number of unbranched radial canals communicate, these 
open into a marginal circular vessel, which communicates 
with the cavities of the tentacles. ^ A plate of endoderm lies 
in the mesogloea between the radial canals. Digestion is 
intracellular, and probably goes 
on throughout the whole of this 
“ gastro-vascular ” system. 

The movements of the bell 
are caused by the contractions 
of the ectodermic muscle cells. 

The nervous system consists 
of a double ring of nerve fibres W ff M 

around the margin of the bell. mM (M N iJ- 

With these are associated gang- v Vwl(S<c 

1 ionic cells, which apparently 
control the muscular contrac- M ^ 
tions. 

Sense organs may be present, 
m the form of “eyes,” at the Medusmd. -After Altaan 

base of the tentacles (Ocellate), 

or in the form of ‘‘auditory^ ^ ’ 

vesicles developed as pits in the EC , ectoderm , mg , mesogloea 
velum (Vesiculatae). 

The reproductive organs develop either m the manu- 
brium or on the radial canals. The products always (?) 
ripen in the ectoderm, and often seem to arise there ; but 
Weismann and others have shown that the reproductive 
cells of a medusoid derived fiom a hydroid, or of the 
reduced and fixed reproductive persons of many hydroids, 
have considerable powers of migration, and may originate 
(sometimes in the endoderm) in the hydroid colony at 
some distance from the place where they are matured within 
the medusoid bud. The sexes are usually separate. The 
commonest kind of free-swimming larva is the planula, which 
IS oval, ciliated, and diploblastic, devoid of an opening, and 
usually without a central cavity. In the case of those 
medusoids which arise a,s liberated sexual members of 
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a fixed asexual hydroid colony, the planula settles down, 
loses its cilia, buds out tentacles, and develops into a new 
hydroid. 

In many hydroid colonies, as has been already noticed, 
the sexual members are not set free, but remain as buds 
attached to the parent These fixed “gonophores” show 
many stages of degeneration, some, notably in the floating 
colonies of Siphonophora,* differ little structurally from true 
medusoids, while others, as m Hydractmia, are simply small 
closed sacs enclosing the genital products (Fig. 87). 


Third Type ^/Cgelentera — The common Jelly-fish 
— Aurelia aurita. Class ScYPHOMEDUSiE 

This Medusa is almost cosmopolitan, and in the summer 
months occuis abundantly around the British coasts. It 
swims by pulsating its disc, and also drifts along at rest 
without any pulsations. They often occur in great shoals, 
and hundreds may be seen stranded on a small area of flat 
sandy beach. The glassy disc usually measures about four 
inches in diameter, but may be twice as large. The jelly- 
fish feeds on small animals, such as copepod crustaceans, 
which are entangled and stung to death by the long lips 

External appearance. — The animal consists of a gela- 
tinous disc, slightly convex 011 its upper (ex-umbrellar) 
surface, and bearing on the centre of the other (sub- 
umbrellar) surface a four-cornered mouth, with four long 
much-frilled lips. The circumference of the disc is fringed 
by numerous short hollow tentacles, by little lappets, and 
by a continuation of the sub-umbrella forming a delicate 
flip or velarium Conspicuously bright are the four re- 
productive organs, which lie towards the under surface. 
Nor is it difficult to see the numerous canals which 
radiate from the central stomach across the disc, the eight 
marginal sense organs, and the muscle strands on the lower 
surface (Fig 73). 

The three layers. — The ectoderm which covers the 
external surface bears stinging cells, sensory and nerve cells, 
and muscle cells The ectoderm seems also to be invagin- 
ated to form the gullet or stomodaeum. The endoderm 
lines the digestive cavity, is continued out into its radiating 
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canals, and is ciliated throughout. The mesogloea is a 
gelatinous coagulation containing wandering amoeboid cells 
from the endoderm. The whole animal is very watery^ 
indeed, the solid parts amount to not more than 10 per 
cent of the total weight. Yet some jelly-fish (species of 
Rhopile^na) are used as food in Japan ’ 

Nervous system. — The nervous system consists — (a) of a 
special area of nervous epithelium, associated with each of 
the eight sense organs, and (b) of numerous much-elongated 
bipolar ganglion cells lying beneath the epithelium on the 
under surface of the disc 
trasted with the double 
nerve -ring in Craspedote 
medusoids, but too much 
must not be made of the 
contrast, for a nerve-nng 
is described in Cubo- 
medus^, one of the orders 
of Acraspedote jelly-fish 
In Aurelia the sense organs 
are less differentiated than 
m many other jelly-fish. 

Each of the eight organs, 
protected in a marginal 
niche, consists of a pig- 
mented spot, a club-shaped 
projection with numerous 
calcareous ‘‘ otoliths ” in 
its cells, and a couple of 
apparently sensitive pits or 
grooves. The sense organs arise as modifications of 
tentacles, and are often called “ tentaculocysts ” or “rho- 
palia.” Their cavities are in free communication with 
branches of the radial canals. 

Muscular system. — Between the plexus of nerve cells 
and the sub-umbrellar mesogloea there are cross-striped 
muscle fibres, each of which has a large portion of non- 
contractile cell substance attached to it. They he in ring- 
like bundles, and by their contractions the medusa moves. 
Unstriped muscle fibres are found about the tentacles and 
lips. 


This condition should be con- 



Fio. 73 — Surface view of Aureha — 
From Romanes 

Showing four genital pockets in centre, 
much branched radial canals, eight peri- 
pheral niches for sense organs, and peri- 
pheral tentacles 


154 


PHYLUM CCELENTERA. 


Alimentary system. — The four corners of the mouth are 
extended as four much-frilled lips, each with a ciliated 
groove and stinging cells, and vdth an axis of mesogloea. 
They exhibit considerable mobility. Their crumpled and 
mobile bases surround and almost conceal the mouth. A 
short gullet or ‘‘manubrium” connects the mouth with the 
digestive cavity in the centre of the disc. From this central 
chamber sixteen gastro-vascular canals of approximately 
equal calibre radiate to the circumference, where they open 
into a circular canal, with which the hollow tentacles are 
connected. Eight of the radial canals are straight, but the 
other eight are branched, and thus in an adult Aurelia the 
total number of canals is large. These canals are really due 
to a partial obliteration of the gastric cavity by a fusion of 
its ex-umbrellar and sub-umbrellar v/alls along definite lines. 
They are all lined by ciliated endoderm. 

Where the gullet passes into the central digestive cavity, 
there are four strong pillars of thickened sub-umbrellar 
material. Beside these pillars, there are four patches 
where the sub-umbrellar surface remains thin. These are 
the gastro-genital membranes, lined internally by germinal 
epithelium (Fig. 74, R.). 

To the inside of these genital organs, within the digestive 
cavity, are four groups of mobile gastric filaments (^./, Fig. 
74), which are very characteristic of jelly-fish. In appear- 
ance these are very similar to the small tentacles of the 
margin, and, like them, are hollow. They are covered with 
endoderm — with ciliated, glandular, muscular, and stinging 
cells. 

The body is mapped out into regions by the following convention : 
The first tentacles to appear in the larva are four in number, and 
correspond to the four angles of the mouth ; the radii on which they 
appear are called “perradial,” marked by the four lips. Half-way 
between these, four ‘ ‘ interradials ” are then developed, marked by the 
gonads and gastric filaments. Then eight “adradials” may follow, 
between perradii and interradii, marked by the eight unbranched 
radial canals. 

Reproductive system. — The sexes are separate. The 
reproductive organs — ovaries or testes — consist of plaited 
ridges of germinal epithelium, situated on the four patches 
already mentioned, within sacs which are derived frona and 
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communicate with the floor of the gastric cavity. They 
are of a reddish violet colour, and at first of a horseshoe 
shape, with the closed part of the curve directed outwards 
Afterwards the ridges become circular, and surround the 
walls of the sacs in which they he. But the sub-umbrellar 
surface is modified beneath each genital sac in such a way 
that the sac comes to lie in a sub-genital cavity com- 
municating with the exterior {g.p,, Fig 74). The con- 
tractions of the umbrella produce a rhythmic movement of 
the water which enters the sub-genital cavities, and this 
constant renewal of the water suggests some respiratory 
significance for the sacs The genital sacs containing the 
plaited ridges of germinal 
epithelium communicate 
with the gastric cavity 
only, while the sub-genital 
cavities containing water 
and enveloping the geni- 
tal sacs communicate with 
the exterior only. 

The ova and sper- 
matozoa pass from the 
frills of germinal epi- 
thelium into the sacs, 
and thence into the gas- 
tric cavity. They find 
exit by the mouth, but young embryos may be found 
swimming in the gastro-vascular canals, and also within the 
shelter of the long lips 

Variations. — The jelly-fish often exhibits variationSy i.e. 
inborn changes of germinal origin which result in the 
organism being different from the norm or average of its 
species. It IS normally tetrapartite, but sexpartite, penta- 
partite, and, more rarely, tripartite forms occur, and the 
detailed variations are manifold. 



Fig 74. — Verticalsectionof — 

After Claus. 

m. Mouth, si.^ stomach, rc., radial canal; 
R , ' reproductive organs , g,/ ^ gastric 
filaments , gp , sub-genital cavity , / , 
marginal tentacle , j , sense organ ; 
the shaded part is mesogloea. 


Life history of Airrelia. — The fertilised ovum divides completely, 
but not quite equally, to form a blastosphere, with a very narrow slit-like 
cavity. From the larger-celled hemisphere, single cells migrate into 
the cavity, and fill this up with a solid mass of endoderm. The 
archenteron arises as a central cleft in this cell mass, and opens 
to the exterior temporanly by the primitive mouth. During these 
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piocesses the embryo elongates, the outer cells become ciliated, and 
the mouth closes Thus the embi^o becomes a fiee-swimming o\al 
plamda. 

After a short period of free life, this planula settles down on a 
stone or seaweed, attaching itself by the pole where the mouth formerly 
opened. At a very early stage the mesoghx'a appears bet^^een the two 
layers At the free pole an ectodermic imagination next occurs, an 
opening breaks through at its lower end, and thus a gullet lined with 
ectoderm is formed, which hangs freely in the general cavity During 
this process there are formed first two and then four diverticula of the 



Fig. 75 .— Diagram of life history of Ameha.— After 
Haeckel 

I Free-swimrain^ embryo , 2-6, various stages of Hydra-tuba , 
7, 8, Strobila stage, g, liberation of Ephyrse , 10, ii, 
growth of Ephyrm into Medusde 


general cavity, which are arranged round the gullet above, and open 
freely into the digestive cavity below In the gullet region these are 
separated by broad septa, which are continued into the lower region of 
the body as four interradial ridges or taeniolie. The tentacles bud out 
from the region of the mouth, the first four corresponding in position to 
the four pouches. Interradially above the four septa, four narrow 
funnel-shaped invaginations arise ; these are produced by the ingrowth 
of ectoderm, which then foims the muscle fibres which lun down the 
tmniolae (contrast the endoder77nc muscles of Anthozoa) In contrasting 
this development with that of the hydroid polyp, Goette specially 
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emphasises the fact that the radial sj^mmetiy is fiist indicated by the 
gut pockets, and the tentacles aie late in development Goette 
describes a quite similar process of development in certain sea- 
anemones, and claims to have found there ludiments of septal pockets 
and ectodeimal muscles, thus confirming his view of the intimate 
relation between the Anthozoa and Scyphomedusm 

The larva now forms a “Hydra-tuba” or “ Scjphistoraa ” , it is 
about an eighth of an inch in height. By lateral budding, or by the 
formation of cieeping stolons, it may give rise to larvm like itself 
The giadual widening of the central cavity rendeis the gullet tube 
less obvious, and results in an increasing resemblance to the medusa 
type. 

In late autumn, however, a more fundamental change occurs in the 
histoiy of the Hydra-tuba [a) Occasionally, as has been observed by 
Haeckel, the Scyphistoma becomes detached and converted into a free- 
swimming Ephyia, which in turn becomes a jelly-fish, {h) Sometimes, 
in unfavouiable conditions, a fuiiow appears lound the upper region of 
the Scyphistoma, the uppei portion is converted into an Ephyra, and 
floats aw ay, while the lower portion re-forms its oral region by regenera- 
tion, and pioduces anothei Ephyia {c) In ordinary conditions the 
Scyphistoma elongates, and displays a succession of annular constric- 
tions This stage, often compared to a pile of discs or saucers, is 
called a Strobila Each disc is sepaiated off in its turn as a free- 
swnmming Ephyia, which becomes a jelly-fish. The still undi\ided 
basal portion may rest for a time, and then undergo fuithei con- 
striction. This IS piobably an abbreviation of the piimitive mode of 
development. 

In the conversion of the Scyphistoma into the Ephynn, the diverticula 
coalesce into a geneial cavity, the entrances to the septal invaginations 
probably peisist as the sub-gemtal pits, the gastric filaments sprout out 
from the remains of the septa, and so mark the place where the ecto- 
dermal gullet passed into the endodermal cavity 

The first Ephyra dififeis fiom those which come after it in bearing the 
original tentacles of the Hydra-tuba. From its margin eight bifid lobes 
grow out, each embiacing the base of a perradial or interradial tentacle. 
The bases of these eight tentacles become the sense organs or rhopalia. 
The other eight adradial tentacles atrophy. On the Ephyrse which 
follow there are at first no tentacles, only the eight bifid marginal lobes 
which bear the sense organs in their niches 

This development illustrates alternation of generations. From the 
feitilised ovum a fixed asexual Scyphistoma results This grows into a 
Strobila, from which transverse buds or Ephyrse are liberated Each 
of these grows into a sexual jelly-fish, producing ova or spermatozoa. 

Relatives of Aurelia. — The Medusse, or tiue jelly-fish, include 
foims which agree with the Anthozoa in lelative complexity of 
structure as compared with Flydrozoa, and in the possession of 
an ectodermal gullet, but differ in possessing ectodermal septal 
muscles and in some histological features. If Goette’s discovery of 
rudimentary ectodermal muscles in the larvae of certain sea-anemones 
be confirmed, however, it would greatly increase the probability of 
a close relationship between the two sets. Among the Scyphomedusae 
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closely allied to Atireha some, eg. Pelagia^ have a direct development 
without the intervention of Scyphistoma or Strobila stages, but this 
may occur exceptionally m Atireha. Cyanea is often veiy large, 



Fig. 76 . — Lucernana — After Korotneff', 

‘Mt may measure 7^ ft. across the bell, with tentacles 120 ft. long ” 
Ckrysaora is hermaphrodite, and has diffuse speim sacs even upon 
the arms. In the Rhizostomae, e.g. Cassiopeia and Pilema, the 



Fig 77 — Diagram of Luce mat la — 

After Allman. 

C, Cavity of gut (coelenteron) , A, gastric fila- 
ments , // , hypostome, G , gonad , T ^ tentacle , 
c.c.^ circumference canal. 

mouth is obliteiated, and replaced by numerous small pores on the 
four double arms. Lucernana and its allies are interesting sessile 
forms which have been compared to sexual Scyphistomas, that is, are 
regarded as persistently larval forms. 
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Coni7'ast betwee?i Medusotds {Hydro??iedus{z) and 
Mediism {Scypho medusa) 


MEDUsoiDi^ (Craspedofa) 


Medus-p (Acrasplda ) 


The majority are small “swimming- 
bells ” 

A flap or velum (craspedon) projects in- 
wards from the margin of the bell 

No taemolse, nor gastric filaments 


A double ner\e-ring around the niaigin 


Naked sense organs either optic or audi- 
tory They are usually derived 
from the skin, but the auditory sacs 
may be modified tentacles 
Reproductiv e organs on the radial canals 
or by the side of the manubrium 
The reproductive cells are usually 
derived from the ectoderm 
With the exception of the Trachy- 
niedusae, aU arise as the liberated 
reproductive persons of hydroid 
colonies 


Maii> are large “jelh-fish ’ 

No velum. (The velaruim of Aurelia 
is a mere fringe, veiy^ inconspicuous 
in the adult, and not inturned ) 

In the Scyphistoma there aie four 
taeniolae, from part of which the 
gastric filaments of the adult grow 

Eight separate nervous centres be- 
side the sense organs, and a sub- 
umbrellar nerv^ous plexus 

Sense organs are modified tentacles, 
and probablj’’ have almost always 
a tuple function They are usuall} 
protected by a hood. 

Reproductive oi gans in special pockets 
on the floor of the gastric cavity 
The reproductiv e cells arise in the 
endodemi 

Have no connection with hydroids, but 
may have a small sedentary pol>p 
stage (or Scyphistoma) in the course 
of their life history 

Probably more nearly related to 
Anthozoa than to Hydrozoa 


Fourth Type of Coelentera — A Sea-Anemone, such as 
Tealia crassicornis. Class Anthozoa 

Most sea-anemones live fixed to the rocks about low- 
water mark. All these fixed forms have a distinct basal 
disc, and may, like Tealia crassicomns^ be half buried in 
sand and gravel, others, without a basal disc, are loosely 
inserted in the sand, e.g. Edivardsia and Ceria?ifhus. All 
are able to shift their positions by short stages. Some 
reef-anemones {Cradactis) can crawl about on their 
tentacles They feed on small animals — molluscs, 
crustaceans, worms — ^which are caught and stung by the 
tentacles Many depend on minute organisms, others 
may be seen trying to engulf molluscs decidedly too 
large for them. A few anemones, without pigment or with 
little, have symbiotic Algae in their endoderm cells; the 
bright pigments of many others seem to help in respiration. 
Besides the sexual reproduction (in which the young are 
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sometimes developed within the parent), some sea-anemones 
also multiply asexually by detaching portions from near the 
base, and fission occurs in a few forms. 

External appearance of a fixed Anemone. — The 
cylindrical body is fixed by a broad base ; it bears whorls 
of hollow tentacles around the oral disc, the mouth is 
usually a longitudinal slit The tentacles are contracted 
when the animal is irritated, and the whole body can be 
much reduced in size. Just below the margin of the oral 
disc there is a powerful sphincter muscle; this contracts, 



Fig. 7S. — External appearance of Teaha cmssicoims 


and pulls together the body wall over the mouth and 
retracted tentacles. Water may pass out gently or 
otherwise by a pore at the tip of each tentacle, and long 
white threads, richly covered with stinging cells, can be 
ejected in many anemones through the walls of the body 
(Fig. 79)- 

G-eneral structure. — The Anthozoon polyp differs 
markedly from the Hydroid polyp — not only because an 
invagination from the oral disc inwards has formed a gullet 
tube, which hangs down into the general cavity, but also 
because a number of partitions or mesenteries extend from 
the body wall towards this gullet. Some of the partitions 
are “complete,” i,e. they reach the gullet; others are “in- 
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complete,’' i.e, do not extend so far inwards. The complete 
mesenteries are attached to the oral disc above, to the side 
of the gullet, and to the base, and all the mesenteries are 
ingrowths of the body wall The cavity of the anemone 
is thus divided into a number (some multiple of six) of 
radial chambers. These are in communication at the base, 
so that food particles 
fiom the gullet may pass 
into any of the chambers 
between the partitions 
Moreover, each partition 
IS perforated, not far from 
the mouth, by a pore, 
besides which there is 
often another nearer the 
body wall. The tentacles 
are continuous with the 
cavities between the mes- 
enteries, and thus all the 
parts of the body are in 
communication. The 
mouth IS usually a longi- 
tudinal slit, and its two 
corners are often richly 
ciliated. The gullet is 
marked with longitudinal 
grooves, two of which, 
the “ siphonoglyphes,” 
correspond to the corners 
of the mouth, and are 
especially broad and 
deep Along these two 
grooves, and by these two 
corners, food particles 
usually pass in; but in 
some, one side is an incurrent, the other an excurrent 
channel. Occasionally only one corner of the mouth 
and side of the gullet is thus modified. The gullet 
often extends far down into the cavity of the anemone. It 
admits of a certain amount of extrusion. The mesenteries 
bear — ia) mesenteric filaments , (<5) retractor muscles ; (r) 



Fig 79 — ^Vertical section of a sea- 
anemone — After Andres. 

t , Tentacles , o,-, mouth ; <bs , oesophagus ; 
c ,c' , apertures through a mesentery, a , a. ^ 
acontia ; £r , genital organs on mesentery , 
7n y , mesenteric filaments , 7/r i , longitudinal 
muscles ; j , primary septum or mesentery ; 
s' , secondary septum , s" , tertiary septum , 
V , basal disc 
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ridges of reproductive cells, almost always either ova or 
spermatozoa, rarely both ; and (d) in some cases offensive 
threads or acontia. The mesenteric filaments seem to be 
closely applied to the food, and perhaps secrete digestive 
juice. Intracellular digestion also occurs Sea-anemones 
have no sense organs, the sapphire beads, which are so 
well seen at the bases of the outermost tentacles of the 
common Actniia 7nesemhyanfhem2/m, are batteries of 
stinging cells. The nervous system is uncentralised, and 

consists of superficial sen- 
sory cells connected with a 
plexus of sub - epithelial 
ganglion cells. 

The layers of the body. — 
The ectoderm which clothes the 
exterior is continued down the 
inside of the gullet The endo- 
derm lines the whole of the 
internal cavity, including mes- 
enteiies and tentacles The 
mesogloea is a supporting plate 
between these two layers, and 
forms a basis for their cells. 

The ectoderm consists of 
ciliated, sensory, stinging, and 
glandular cells, and also of sub- 
epithelial muscle and ganglion 
cells based on the mesogloea, but 
mainly lestricted to the circum- 
oral region 

The endoderm consists mainly 
of flagellate cells, with muscle 
fibres at then roots. These form 
the chief muscle bands of the 
wall, the mesenteries, and the gullet. Nor aie glandular and even 
sensory cells wanting in the endoderm 

The mesenteries — In sea-anemones and nearly related Anthozoa 
twelve primary mesenteries aie fiist formed These are grouped in 
pairs, and the cavity between the members of a pair is called intra- 
septal, in contrast to the inter-septal cavities between adjacent pans 
In these inter-septal chambeis other mesenteiies afterwards appear in 
pairs. Two pairs of mesenteries, however, differ fi om all the iest~those, 
namely, which are attached to the two corners of the mouth and to the 
corresponding grooves of the gullet These two pans of mesenteries 
are called dnective, and they divide the animal into bilateially sym- 
metrical halves Anatomically, a pair of dnective mesenteries differs 
from the other paired mesenteries, because the retractor muscles, which 





B 

Fig. 8o. —Section through sea- 
anemone (acioss arrow"iin Figure 
79). — After Andres. 

A,B, Directive septa, w/, mesenteric 
filaments , g , genital organs , ;;i I , 

longitudinal muscles , s , primary sep- 
tum , s' , secondary septum , s" , tertiary 
septum The arrow enters between two 
‘f primary septa (an intra-septal cavity), 
and passes out between two tertiary 
septa 
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extend in a vertical iidge along them, aie turned away fiom one anolhei, 
and run on the inter-septal surfaces, wheieas m the othei mesenteries 
the retiactoi muscles run on the intra-septal sui face— those of a pair 
facing one anothei The anangement of these muscles is of great im- 
portance m classifying Anthozoa. It is possible that the mesenteries 
are homologous with the tamiolce of jelly-hsh, and the mesenteric with 
the gastric filaments 

From the above description it will be noticed that the funda- 
mental radial symmetry of the Coelentera has here become profoundly 
modified. 

Development. — Compaiatively little is known m legard to the early 
stages of development in sea-anemones. Fiom the fertilised ovum a 
blastosphere may result which by invagination becomes a gastriila In 


s 




Fig. 81. — Diagrammatic section of Zoanthanan ; of 
Alcyonanan. — After Chun 

The line .$'-5' in Z is through the siphonoglyphes (a), the line 
T~T passes through two mter-septal spaces. The retractor 
muscles are represented by dark thickenings on the mesen- 
teries — all on one (the \entral) side in the Alcyonanan The 
line S-S in A represents the a\is of symmetry 


some cases the ovum segments into a solid morula ; this becomes a 
free planula, m which a cylindrical depiession at one pole forms 
the mouth and gullet. Or the two layers may be established by 
a process known as delamination, in which a single layer of cells is 
divided into an inner endodermic and an outer ectodermic layer 
According to Goette, the development is in essentials the same as that 
of the Hydra-tuba The larva of Cerianthids is for a time pelagic, and 
used to be recognised as a distinct genus, Aracknaciis. 

Related forms — The sea-anemones are classified m the sub-class 
Anthozoa orActinozoa, and along wnth many corals are distinguished 
as Zoantharia or Hexacoralla from the Alcyonaria or Octocoralla, like 
Akyomum and the related forms. This contrast is not very satis- 
factory, but It rests on such distinctions as the following : — 
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Anthozoa or Actinozoa 


Zoantharia, Hexacoralla, 
Sea-Anemone 

Alcyonaria, Octocoralla, eg 
Dead-Men’s-Fingers 

JMany are simple, many colonial 

The polyps of a colony may give rise 
to others directly by fission or 
budding 

Tentacles usually simple, usually some 
multiple of SIX, often dissimilar 

Mesenteiies usually some multiple of 
six, complete and incomplete 

Retractor muscles never as in Alcjo- 
naria 

Two gullet grooves or siphonoglyphes, 
or only one 

No dimorphism 

Calcareous skeleton, if present, is derived 
from the basal ectoderm 

Examj)hs 

Sea -anemones — eg Ttaha and 

Acttfna 

Madrepore corals, many of them reef- 
buildmg 

Antipatharians An aberrant Anti- 

patharian, Dendroh acfna fallax^ 
has eight feathered tentacles 

All colonial, except a small family in- 
cluding Monoxema and Hmmca 

The polyps of a colony give use to 
others not directly, but through 
stolons or solenia 

Tentacles eight, feathered, unifoim 

Mesenteries eight, complete 

Retractor muscles always on one (ven- 
tral) side of each mesentery (see 
Fig 81) 

One (ventral) gullet groove (siphono- 
glyphe or sulcus), or none 

Frequent dimorphism among members 

1 of a colony 

There are usually calcareous spicules (of 
ectodermic origin) in the mesogloea 

Ex aw Ales 

Alcyomum (Dead-men’s-fingers), with 
t diffuse spicules of lime. 

Tuhipora (Organ -pipe coral), with 
spicules fused into tubes and trans- 
verse platforms 

Coralhum ruh^um (Red coral), with an 
axis of fused spicules 

Pennatula (Sea-pen), a free phosphor- 
escent colony, with a “horny” axis, 
possibly endodermic 

1 


ZOANTHARIA 

The Zoantharia include many orders, eg. the primi- 
tive Cerianthidea {Ceriantkus, etc.) and Edwardsiidea 
(Edwardsta)^ the Actiniidea (including the typical sea- 
anemones and the Madreporaria), and the divergent Anti- 
pathidea. 

Making of a typical coral. — Although the term “coral” 
is applied to many different Coelenterate types with 
substantial calcareous skeletons, eg. to Millepores which 
are Hydrozoa, and to “ blue corals ” and “ red corals ” 
which are Alcyonarians, the corals par excelle?ice are the 
Madreporarians. They form the coral rock and “coral 
islands ” found in many parts of the globe, but rarely north 
or south of a belt extending 30° on each side of the 
equator, and rarely below the 40-fathom line. 
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Q- MadreDore polyp is like^ a^^a-anemnnp 
in stnictuie, and the “ coral ”_it forms is its~^xternar shell 
rather than its skeleton. J[ t . is altogether a product of the 
ectod^fii. -brom one polyp others usually arise by budding 
or by division, e g. AstrcBa and Madrepora and Lophohelia 
(North Sea), but there are solitary forms such as Fungia 
and Caryophyllia (British). 

The first part of the “shell” to be formed is the basal 
plate between the ectoderm of the base and the substratum. 



Fig. 82. — The formation of a coral shell {A^troides ), — 

After Pfurtscheller. 

st 5 Stomodaeum , 7ns , mesentery , 5- , calcareous septum , B , basal plate. 

On this plate a number of radially arranged vertical ridges 
(septa or cnemes) are then formed, and as they grow in 
height they push the ectoderm of the base up before them 
(see Fig. 82). An external wall or theca is then formed, 
partly by the fusion of the outer margins of the septa and 
partly by a circular upgrowth from the basal plate. This 
theca pushes the body wall before it, as the septa pushed 
the base. Sometimes a second external wall or epitheca is 
formed outside of and concentric with the theca. By the 
coalescence of septa in the central line a columella or median 
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pillar may be formed. The outer wall of the theca may 
bear vertical ridges or costae, and these may be connected 
with neighbouring costse of other polyps by horizontal 
shelves or dissepiments. Both septa and costae correspond 
to intermesenteric spaces. (See Shipley^s Zoology of the 
Invertehrata^ pp. 68-71 ) 

Antipatharians 

Usually arborescent, sometimes whip-like colonies, of wide distribu- 
tion in most seas, often called black corals.” A spinose hollow 
horny axis is covered with coenenchyma and regularly arranged polyps, 



Fig $3 — Structure of Antipatharians. 

1 A group of polyps— , mouth , i , tentacles 

2 Axis without polyps and ccenenchyma, covered with spines 

iSp) 

n, Vertical section of a polyp— ^ , axis ; t , tentacle , g , gullet , 
w , mesentery ; 0 , o'Vary , m f ^ mesenteric filaments 
4 Cross section of a pob^p— AC , ectoderm , M , mesogloca ; 

, endoderm ; C , gullet , MS , mesenteries 

Without any trace of spicules- A polyp is usually oval in section, "with 
Its long diametei in the line of the axis, and its gullet elongated at 
right angles to this There aie usually six simple non-retraclile 
tentacles, ten mesenteries, and two ill-defined siphonoglyphes. The 
mesenteries are without muscle-banners The two longest, running at 
right angles to the elongated stomodcTeum, bear gonads The develop- 
ment IS unknown 
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Examples — 

Antipathes (arborescent). 

Cirripathes (whip-like) 

Leiopatlies (with twelve mesenteues) 
DendrohracJna (with eight pinnate letiactile 
tentacles). 


Alcyonaria 

In the Alcyonarian polyp there are al- 
ways eight pimiate tentacles and eight 
mesenteries attached to the stomodseum 
or gullet. There is one longitudinal 





Fig, 84. — Diagrams of Types of Alcyonaria — After Hickson. 

Types of Alcyonaiia — I Of Stolomfera , II of Alcyonacea , III ofAxifera; 
IV of Stelechotokea 


ciliated groove (siphonoglyphe or sulcus) m the stomodseum 
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(ventrally). The mesenteries bear retractor muscles, all 
situated on the sulcar aspect (see Fig. 8i), and each 
mesentery bears a mesenterial filament. The two dorsal 
(asulcar) mesenteries are long, ciliated, and non-glandular , 
they are respiratory in function and cause an upward 
current, that m the sulcus being downward. Many Al- 
cyonarians are dimorphic, having in addition to the typical 
polyps (cLutozootds) dwarf siphonozooids^ with suppressed 



Fig. S5 . — CoraUum rtibrum^ a corner of a colony. — 

After Lacaze-Duthiers. 

A , Anthocodia or retractile portion of a polyp , 7 , com- 

pletely retracted polyp, with the verruca or calyx portion 
left protruding , C , coenenchyma , T , pinnate tentacles 

tentacles, strongly developed sulcus, no mesenteric fila- 
ments, and often ill-developed mesenteries. Their function 
IS to drive currents of water through the canal systems of 
the colony, and they are sometimes reproductive as well. 
With the exception of one small family of solitary forms 
(Haimeidse), the Alcyonarians form colonies which are in 
various ways supported by spicules, or by spicules and an 
axis. The spicules, which take the most diverse forms, 
seem to be begun at least by ectodermic cells (a pair to 
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each spicule), but they usually pass into the mesoglcea. 
The nematocysts are usually small A number of Alcyon- 
arians are viviparous ; the embryo is usually a planula. 

Colonies are formed in different wa}s. (l) A parent polyp gives 
off hollow stolons or solema^ which bud off new polyps, and the whole 
forms a spreading network or flat plate, e g. Clavtclai za, a type of 
Stolonifeia (Fig 84, I.) 

(2) The polyps may be crowded together so as to form bundles 
raised on a stalk, or lobose fleshy growths with the polyps projecting 
on the surface of a dense mesogloeal mass hone} combed by solenia, 
Xema and Alcyomzm^ types of Alcyonacea (Fig. 84, II ) 

(3) Or the colony may raise itself in the water by forming a 



Fig. 86 — Alcyonarian spicules. 


common upright coenenchyma, in w’hich the polyps are embedded, 
and the medullary part of which may form a substantial axis of 
cemented spicules, e g. Coralhuin^ a type of Pseudaxonia 

(4) Or the vertical extension of the colony may be effected by 
a horny secretion fiom the polyps, which comes to form an axis, 
really outside of the polyps though encrusted by them. This axis may 
be purely horny or m part calcaieous,^^. Gozgoiua and Atanella, types 
of Axifera (Fig 84 , 111 .). 

(5) Fifthly, the vertical extension may be due to a great elongation 
of a Single primary polyp which gives off solenia bearing numerous 
secondary polyps, e.g Pennatiila, a type of Stelechotokea (cf Fig. 

^\ri^altogether aberrant type is repiesented by the blue coral 
{Hehopora) and its extinct relatives {Hehohtes, etc.) 
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General Survey of Ccelentera 


Before we proceed to the systematic survey, we may contrast the 
essential structural featuies of the foui classes of Ccelentera 

I In the Ilydrozoa or Hjdiomedusoe there is no mturned ectodermic 
gullet 01 stomodjeum ; there aie no partitions or mesenteries , there 
are no special digestive oigans , in the body wall the ectodermic 
muscles aie mostly longitudinal and the endodermic muscles cucular ; 
the sex cells are usually produced m the ectoderm , there is very 
frequently a combination of polypoid and medusoid phases in the life 
history ; the ciicumfeience of the medusoid bears a muscular velum of 
ectoderm and mesoderm , there is no calcareous secietion (except in 
Millepores) 

II In the Scyphomedus^e there is an mtuined ectodermic gullet or 
stomod^eum ; there are hints of mesenteiies ; theie are special digestive 
filaments , the sex cells aie endodeimic , there is no velum , there is 
often a non-sexual sedentaiy stage , theie is no calcaieous secietion 



Fig. 87. — Diagram of a gymno- 
blastic Hydroid. — After All- 
man. 


a , Stem , h , root , c , gut cavity , d , 
endoderm (dark) e , ectoderm , 
y, horny pensarc , hydra*hke 
“person” (hydranth) , g-' , the 

same, contracted , // , hypostome 
bearing mouth , I , sac-like repro- 
ductive bud (sporosac), m, a 
modified hydranth (blastostj le) 
bearing sporosacs , I , medusoid 
“person ” 


III. In the Anthozoa theie is an 
mturned ectodermic gullet or stom- 
odseum , there aie distinct mesenteries 
or paititions from body wall to gullet 
wall; theie are often digestive fila- 
ments , in the body wall the ecto- 
dermic muscles aie circular (except 
in Cerzanthiis), and the endodermic 
muscles longitudinal ; the sex cells 
aie endodeimic ; theie is no medusoid 
phase 

IV. The Ctenophora are veiy di- 
vergent and apart from the other 
classes, e £ in rarely having any 
stinging cells, and in having a well- 
defined mesoblast 


SYSTEMATIC SURVEY 
Class I. Hydrozoa 

Solitary polyps like Hydra, hydroid 
colonies or zoophytes with medusoid 
leproductive buds, medusoids without 
sedentaiy stages, colonies of modified 
medusoids. 

I Order Hydiomedusae. — Simple 
01 colonial forms in which the sexu- 
ally reproductive peisons are either 
liberated as fiee-swimming medusoids 
or are sessile gonophores. 
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{a) Hydrophora. — Two types aie included heie The hist includes 
the Tubulaiians, TTydracitma, and other forms in which the pohps are 
not enclosed in the piotective perisaic which often sui rounds the colony 
(gymnoblastic), and in w^hich the free medusoid forms, w^hen present, 
have their genital organs placed in the w^all of the manubrium 
(Anthomedusce), and are furnished with 
ocelli placed at the base of the tentacles. I f 

Hydra and its allies may be included here 

An unattached marine hydroid — Hypolytiis ^ 

peregrimis — has been described, and as it ^ 

bore gonophores it was obviously mature, 
which is doubtful as regaids two other i 
unattached forms, Protohydra letickartii and 
Halermtta cumulans^ which may turn out 
to be laival The hydroid stages of 

hydra and Margelopsts are free-swimming. ^ 2 

Examples — \\ O 

Syncoryne sarstz^ the free medusoid of V / 

which is called Sarsia tubulosa //v ^ Y 

Bougainvillea ramosa liberates the V 2 

medusoid Margehs z^amosa yA, 2 

Cordylophora lacustris and Tiibiilarta 
larynx have sessile gonophores or 22 ^ ^ 

spoiosacs. 2? ^ 2 

The second type includes Campanularians I \ 2 

and Sertularians along one line ; Halecids X 2 

and Plumularians along anothei line The ! 2^ X 2 

protective pensarc surrounding the colony Vz X 2 

is continued into little cups (h 3 -diothecte) X 2 

enclosing the polyps (calyptoblastic). These yy X 2 

hydrothecte are stalked in Campanularians, X 2 

sessile in Sertularians and Plumulanans 2 V 2 

The free medusoids have their gonads placed 2 V- X 

in the course of the radial canals (Lepto- lx X 2 

medusee), and aie either ^‘ocellate” or 1 z ^ z 

“vesiculate.” \y X z 

Examples : — 1? v z 

Plumidaria, with hydrothecse on one i? \ 7 

side of the blanches, and Sertidaria, J -r F 

with hydrothecse on both sides of the \ ' 

branches ^ 

The Campanularian Obeha geniadata Fig 88. — Graptolites. 
liberates the medusoid Obeha gem- Monograptus 

cidata II Diplograptus 

{h) Plydrocorallinre. — Colonial forms which 
suggest the Hydractimm in then polymorphism and division of labour, 
but are distinguished by their power of taking up lime, and so forming 
“corals.” The colonies are complex and divergent, the reproductive 
persons are either sessile gonophoies oi simple medusoids. Millepora^ 
Stylaster 

{c) Trachymedusoe. — These exist as a rule only in the medusoid form. 
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Fig 89. — Hydroids.— After Hincks 

Pubularia II Piece of Sertularia II J? A fiagment enlarged 
glowing sessile bydrothecfe (A^) on both sides of the twigs III A 
Plumularia III A fragment enlarged, showing hydrothecjs (// ) 
on one side of eadi twig, an axillary gono theca (G ) and minute neraato- 
u j Campanularian IV ^ A fragment enlarged, showing 
stalked hydrothecae (Af ), a gonotheca (G ) , C , the cocnenchyma 
the pensarc , a stalk J » > 
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and aie divided into two groups, Trachomedusae and Narcomedusse, 
accoidmg to the position of the gonads. The fresh-water medusae 
Ltmnocodntm and Limno- 


cmda may possibly belong 
to this gioup. 

Geryoma^ Caj 7 nar 2 na^ 
Ctimna^ Aeqinopsis 

2 Oidei Siphonophora 
— Free-swimming colonies 
of modified medusoid per- 
sons (medusomes), with 
much division of labour. 

Physaha (Portuguese 
man-of-wai), Dip/iyes, Vel- 
ella^ Porpita, 

IntcrtcB sedis. Grapto- 
lites. — Extinct unattached 
colonies wnth a rod -like 
axis found in Upper 
Cambrian, Oidovician, and 
Silurian systems. The 
colony is usually linear, 
and consists of cup-shaped 
hydrothecse borne on one, 
two, or four sides of the 
solid axis {vi7gula). Each 
opens into a common 
median canal At the 
proximal free end there 
IS a minute triangular 
or dagger - shaped body 
— the Simla — which re- 
presents the embryonic 
skeleton Some repro- 
ductive bodies or gon- 
angia have been found. 
The animals were prob- 
ably free - swimming in 
muddy seas, and of a 
Hydromedusan nature. 



Fig, 90. — Campanufanan Hydroid. — 
After Allman. 

H ^ Hydrotheca or polyp-cup, HY , hy- 
dranth, or polyp-head ; G , gonotheca, 
enclosing a reproductive polyp producing 
medusoid buds ; M.^ a liberated medu- 
soid ; ST., basal stolon. 


Class II. ScYPHOMEDUS^ ( = Aciaspeda) 

Jelly-fish with gastric filaments, sub-genital pits, and no velum— 

(1) Lucemarim.— Sedentary forms. Lncernarza, Hahdystm, and 

Depastrum. . , j t-r 

(2) DiscomedusEe.— Active forms, often with complicated hie 

history. Aursha, Pelagia, Cyanea, Rhizostoma, 
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(3) Cubornedusce. — Forms with broad pseudo-velum, and other 

pecLiliai features Chmybdea. 

(4) Peromedusse — Forms with foui intei -radial tentaculocysts 

only Pericolpa. 

Class III. Anthozoa ( = Actmozoa) 

Polypoid forms with well-developed gullet and septa, and ciicumoral 
tentacles. 

(1) Zoanthana 01 Hexacoialla 

(a) Actmiaria. Sea-anemones. Actinia, Anenwma, Teaba, 
Get lanthus 

I (b) Madreporaria Stone 01 leef coials. 

Astro’a, Madrepora, Fnngia, Mccandrina. 

(<:) Antipathana. “ Homy ’’ black coials Antipathes 

(2) Alcyonaria 01 Octocoralla 

Alcyonntm (Dead-men’s-fingeis), Tnhipoi'a (Organ-pipe 
coral), Coralhitm (Red coial), Gorgoma, Pennatula (Sea- 
pen), Monoxenia (non-colonial). 


Class IV. Ctenophora 

Delicate fiee - swimming organisms, generally globulai in form, 
moving by means of eight meridional lows of ciliated plates, 01 comb- 



Fig. 91. — Diagram of a Ctenophoie — After Chun. 

M , Mouth , S , sensory organ , T , tentacle cut short , SH , 
pouch of tentacle; C , ciliated combs, F , funnel or central canal , 
SV , paragastric canal running parallel with stomodaeum , G , 
other canals of the gut , V , one of the meridional canals, bear- 
ing gonads, running under the bands of ciliated combs. 
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like combinations of cilia. The stinging cells aie almost always 
replaced by “adhesive cells ’’ The mouth is at one pole, and leads 
into an ectodeimic gullet The gastiic cavity is usually much blanched. 
The mesenchyme is veiy well developed, and includes muscular and 
connective cells At the aboial pole theie is a sensory organ, including 
an “otolith,’’ w^hich seems of use m steering. Here, also, there aie 
tw'O e\cietoiy apei tines Except m Be^-oe and its neai relatives, there 
aie two retractile tentacles All are heimaphiodite. The development 



Fig 92 — Hydrodena A medusoid with hints 

of Ctenophore structure. 

0 , Aboral sensory organ , T , retractile tentacle , 

V , velum , M , mouth , ST , stomach 

IS direct. They are pelagic, very active in habit, carnivorous m diet, 
and often phosphorescent Accoiding to Lang, they have affinities 
with Planar lan “w^orms,” but this is very unceitam. Ctenoplana 
Cccloplana are curious flattened forms which can crawl like Plananans. 

Examples — 

{a) With tentacles, Cydippe and the nbbon-shaped Venus’ Girdle 
{Cesium vejierts). 

( 3 ) Without tentacles, Beroe. 

History of Coelentera.-— Of corals, as we wmuld expect, the rocks 
preserve a faithful record, and we know, for instance, that in the 
older (Palseozoic) strata they were represented by many types. We 
often talk of the imperfection of the geological record, and rightly, for 
much of the library has been burned, many of the volumes are tom, 
whole chapters are wanting, and many pages are blurred. But this 
imperfect record sometimes surprises us, as m the quite distinct remains 
of ancient jelly-fish, which animals, as we know them now, are appar- 
ently little more than animated sea-water. We should also grasp the 
conception, with which Lyell first impressed the world, of the uniformity 
of natural processes throughout the long history of the earth. Thus in 
connection with Coslentera we learn that there were great coral reefs in 
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the incalculably distant past, just as theie are coral reefs still. So in 
the Cambiian locks, which aie next to the oldest, there are on sandy 
slabs mai kings exactly like those which are now left for a few hours 
when a large jelly-fish stranded on the flat beach slowly melts away. 
On the other hand, some fomis of life which lived long ago seem to 
have been very different fiom any that now remain, as is well shown 
by the abundant Giaptolite fossils, which, though probably Ccelentera, 
do not fit well into any of the modern classes 

As to the pedigree of the Ccelentera, the facts of individual life 
history, and the scientific imagination of naturalists, help us to construct 
a genealogical tiee — a hypothetical statement of the case Thus it 
seems veiy likely that the ancestral many-celled animals — ancestial to 
Sponges, Ccelentera, and all the rest — were small two-layered tubular 
or oval forms, The many-celled animals must have begun as clusteis 
of cells ; the question is, what sort of clusters — spheres of one layer of 
cells, or mouthless ovals, or little discs of cells, or two-layeied thimble- 
like sacs^ Possibly there were many forms, but Haeckel and other 
naturalists were led to fix their attention especially on the two-layered 
sac or ^ashntla^ because this form keeps continually cropping up as an 
embryonic stage in the life history of animals, whether sponge 01 coral, 
earthworm or starfish, mollusc or even vertebrate, and also because this 
IS viitually the form which is exhibited by the simplest sponges 
(Ascons), the simplest Ccelentera [Hydra), and even by the simplest 

worms” (Turbellarians) 

If we begin in our survey with such a gastriila-like ancestor, the 
probabilities are certainly in favour of the supposition that it was a free- 
swimming organism. A giadual perfecting of the locomotor character- 
istics might yield the two medusoid types of which we have already 
spoken. But we know that the common jelly-fish Aureha has a 
prolonged larval stage which is sedentary, vegetative, and prone to bud. 
If w^e suppose with W. K Brooks that many foims, less constitutionally 
active than others, relapsed into this sedentary state, with postponed 
sexuality, and with a preponderant tendency to bud, we can understand 
how polyps arose, and these of twm types, one nearer the jelly-fish and 
Lucernarians and leading on to sea-anemones and corals, the other 
nearer the swimming-bell type and leading on to a terminus in Hydra. 
It IS certainly suggestive that we have jelly-fish wholly free [Pelagia), 
jelly-fish with a sedentary larval life {Aureha), jelly-fish predominantly 
passive [Lucer liana), and lelated polyps (Sea-anemones, etc ), which 
only occasionally rise into free activity ; while in the other series we 
ha^'e medusoid types always free (Trachymedusse), others which are 
liberated from (Campanularian and Tubularian) sedentary hydioids, 
other (Sertularian and Plumularian) zoophytes whose buds though often 
medusoid-like aie not set free, and finally Hydra, which, though it 
may cieep on its side, or walk on its head, is predominantly a sedentary 
animal, without any youthful fiee-swimming stage 

(Ecology. — The Ccelentera are almost all marine. In 
fresh water we find the common Hydra^ the minute Micro- 
hydra without tentacles, the strange Folypodium^ which in 
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^rly life is parasitic on sturgeons’ eggs, the compound 
"Oordylophora, occurring in canals and in brackish water, 
md the fresh-water Medusoids {Linmocodium and 
Ltvinocmdd). Most of the active swimmers are pelagic, but 
here are also a few active forms in deep water. Many 
lolyps anchor upon the shells of other animals, which they 
lometimes mask, and there are most interesting constant 



Fig 93. — Commensalism of sea-anemones and heimit-crab. 


lartnerships between hermit-crabs and sea-anemones, e.g, 
letween Rupagiirus prideauxh and Adamsia palhata. 

The hermit-crab is masked by the sea-anemone, and may 
)e protected by its stinging powers, the sea-anemone is 
arried about by the hermit-crab, and may get crumbs from 
ts abundantly supplied table. This illustiates a mutually 


12 
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beneficial external partnership or commensalism In some 
other animals it may degenerate into parasitism (see Fig. 
93 )- 

Another kind of partnership is illustrated by many sea- 
anemones and Alcyonarians. Minute unicellular Algge 
(Zoochlorellae) live within the cells of the animals in close 
physiological partnership with them (symbiosis). 

The quaint little hydroid Lar sabella7‘uni lives at the 
mouth of the tubes of the worm Sabella. Another hydroid 
{Stylactis 71117101) grows all over the skin of a rock-perch 
{JMtnous) from the Indian Ocean. Stylactis vermicola was 
found on the back of the worm Aphrodite at the great depth 
of 2900 fathoms. 

A spatial partnership in which one animal finds habitual sheltei 
within 01 neai another is not infrequent; e small horse-mackeiels 
(Carangidae) swimming m sheltei of large jelly-fish , a small fish 
{Amphipiwn bicmctus) inside a giant sea-anemone {Crambactis arabica) 
which has a diameter of a foot ; another fish ( F'lerasfer) that goes in 
and out of the hind-gut of Holothunans ; another that lives among the 
very long hair-like spines of the Red Sea lock-urchm {Diadema 
saxahle) ; and anothei {Apogonichthys strombi) that spends pait of its 
time in the mantle cavity of the large sea-snail {Strombus gigas) of the 
Bahamas 



CHAPTER X 

UNSEGMENTED “WORMS” 


Phylum Plaiyhelmixthes • 

Chief Classes — Turbellana, Trematoda, Cestoda. 

Phylum Nemeriea. 

Phylum Nemathelminthes : 

Chief Classes — Nematoda, Nematomoipha, Acanthocephala. 


The title ‘‘worms” is hardly justifiable except as a con- 
venient name^ for a shape. The animals to which the 
name is applied form a heterogeneous mob, including 
about a dozen classes whose relationships are imperfectly 
known. 

It is likely that certain “ worms ” were the first animals 
definitely to abandon the more primitive radial symmetry, 
to begin moving with one part of the body always in front, 
to acquire head and sides. And if one end of the body 
constantly experienced the first impressions of external 
objects, It seems plausible that sensitive and nervous cells 
would be most developed in that much-stimulated, over- 
educated head region. But a brain arises from the 
insinkmg of ectodermic cells, and its beginning in the 
cerebral ganglion of the simplest “ worms ’’ is thus in part 
explained. 

Worm types begin the senes JriplohIa.^fjr. nylnmafp 
animals^ z.g. of those which have a w^ell-definpd TUPRoderm. 
and a coelom or body cavity lined with meso derm and 
distinct from the gut ft must be noted, howeveiTthat the 
app earand of a well -developed coelom and mesoderm is 
vef7''"5ra3uaTTT^^ there is practicaHy no coelom 7n th^ 
PlSyhdminmes^ and the mesoderm is sometimes not more 
He SmteTEah i h Cien opbora. 
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Phylum Platyhelminthes 

The Platyhelmi?ithes or flat-worms t^iclude three chief classes 
— Turhellarians^ Tremaiodes^ and Cestodes — which form a 
related series. The body is flattened from above downwards ; 
the mesoderm forms a compact mass of cells or pare?ichyma 
without a definite coelom ; there is the beginning of a head- 
brain j the excretory system consists of a pair of lateral canals^ 
giving off many branches, ivhose twigs end in peculiar '‘flame- 
cells ’’ ^ almost all are hermaphrodite 

There is no doubt that the three classes, Turbellarians or 
Planarians, Trematodes or Flukes, and Cestodes or Tape- 
worms, are related to one another A fourth class of 
Temnocephalids must also be admitted It is interesting 
to notice that the Turbellarians and Temnocephalids are 
free-living, except in the case of a few marine Turbellarians 
which have taken to parasitism , that the Trematodes are 
all parasitic, either external hangers-on (ectoparasites) or 
internal boarders (endoparasites) , and that the Cestodes 
are altogether endoparasitic. It is probable that the flukes 
and tape-worms arose from Turbellarian-like ancestors which 
adopted parasitic habits. Attention must be directed to 
the flame-cells which are ch^cteristic^of PlatvhelminthesT 
terminal Ivug of a branch of an excretory canal 
leads into a large hollow cell, from the base of which 
a bunch of cilia — with rapid movements suggesting a 
flickering flame — projects into the cavity towards the 
lumen of the twig. 

Class Turbellaria. Planarians, etc. J 

Turbellarians are unsegmented worms f usually leaf like, 
living in fresh, brackish, or salt water, or in moist earth. 
Almost all are carnivorous, a few are parasitic. They re- 
present the beginning of definite bilateral symmetry. 

The ectoderm is ciliated, often glandular, often with peculiar 
7'od-hke bodies fhabdites') lohich may bt discharged on irrita- 
tion. A pair of ganglia in the anterior region give off 
lateral nerve-cords, and there are usually simple sense organs. 
The food canal has a protrusible muscular pharynx, is often 
branched, and is always blind. There are no special 
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respiratory or circulatory organs , the body cavity ts not 
represe?itedj unless it be by miercellular lacu?uc in the 
parenchyma , the excretory system usually condsts of two 
longitudinal canals^ whose branches end internally in flame- 
cells, The Ttirbellanans are almost always hermaphrodite , 
and the reproductive organs usually shozv some division of 



Fig. 94. — Diagram of Tuibellanan. — After Lang. 

C , Cerebral ganglia; eye , T!., tentacle , pbarj^nx ; Mo , mouth, 

M.^ male aperture , P , female aperture , the ovaries and testes are 
branched organs on both sides, represented by dots 


labour^ e.g. in the development of a yolk glands which may 
have arisen as an over-nourished {hypertrophied) part of the 
ovary. The eggs are usually enclosed in shells or cocoons, 
and the development may include a metamorphosis. Some 
forms nmltiply by fission. There seem to be affinities between 
Turbellana and Coelentera, especially the Ctenophora. 
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The Turbellarian worms form an exceedingly interesting group ; they 
are often beautiful, and the ciliated ectoderm and well -developed 
muscles enable them to move with singular grace Although the 
bilateral symmetry and the distinction of anterior and posterior ends is 
quite marked, the ‘‘ mouth” or single opening of the food canal is often 
near the middle of the vential suiface The anterior region is usually 
furnished with tactile piocesses. The shape of the body in the aquatic 
forms is flattened and leaf-like, as in the delicate Leptoplana^ the 
‘ living film” found on the shore-rocks. Fresh-water forms are 
usually small and often minute, but those living m the sea may attain 
a length of six inches, though most are small. Land Planarians are 
elongated and more worm-like in shape ; they may measure a foot or 
more in length, and aie most abundant in tropical countries. Some, 
like Planana, have so much regenerative capacity that half a dozen oi 
more may be produced by cutting one into pieces 

Classification. — 

Ordei I. Rhabdocoelida — small fresh-water and marine forms 
The food canal is \eiy slightly branched, or quite straight, oi 
blocked 

Rhabdoccela With straight intestine, eg Mzerosioma, aficsh- 
water genus It is first male and then female (protandrous 
heimaphrodite) ; it foims temporarily united asexual chains, 
sometimes of sixteen individuals, suggesting the origin of a 
segmented type G 7 'affill(i and Anoplodtum are parasitic on 
Gastiopods Among the Vorticidse allied to Graffiiia we may 
notice Provortex telhzicc m Telh^ia and a related form in the 
cockle 

Alloioccela. With irregular cceca on the gut, e.g, Allostozna. 
All marine except one fiom Swiss lakes {Plagzosto7na 
lemam) and Bothrioplana 

Acoela. Without intestine, e g Convohita, which contains green 
cells, regarded by some as symbiotic Alg^. Marine 

Older 2 Tricladida Elongated flat ‘^Planaiians” with 
three main branches from the gut, e.g. Plaztana and 
Dendroccehmi (fresh- water), the former sometimes dividing 
transversely , Polycehs mgra, a common fresh-water form ; 
Gtmda {Proc erodes) segme?itata (marine), showing hints of 
tnternal segmentation; Geodewius and Bipahum (m damp 
earth) , Bipalmm keweztse is an import often found in 
Biitain. 

Order 3 Polycladida. Large leaf-like marine “Planarians,” 
with numerous intestinal branches diverging from a central 
stomach, eg. Leptoplana (not uncommon on the seashore), 
Thysanozooji. 


Class Temnocephaloidea 

The Temnocephalids are flattened forms, e g Temnocephaia, 
found clinging to fresh-water animals, especially Crustaceans ; 
there is a large vential sucker ; the epidermis is a nucleated 



TREMATODA. 


1S3 

syncytium (2 e, without distinct demarcation into cells) which 
secretes a thick cuticle, contains rhabdites, and rarely bears 
cilia The class seems to be intermediate between "Rhab* 
docoelid Turbellaiia and Trematodes. 


Class Trematoda. Flukes, etc 

The Trematodes are leaf-like^ or sometimes cylindrical 
external or internal parasites With their parasitic life niav 
be associated the absence of cilia on the surface of the adult's, 
the thick cuticle f the presence of attaching suckers (occasion- 
ally with hooks), and the rarity of sense organs. After 
embryonic life the ectoderm degenerates, ceases to be distinctly 
cellular, and sinks inwards. It is likely that they have 
amsen from free Turbellanan-like ancestors, and they resemble 
the Turbellariafis in heincr unsesrmented, in having anterior 
,^an^lia, frofn which nerves pass backward and foi ' ward, in 
Werudione7itarv7iafure .jQLthe-4^^^ c m . ntv^ in. the ramify i no 
system of fine excretory canals^ in the her m aphrodite aim 
usually complex reproductive system. The excretory and 
nervous systems are., however, more complex than those of 
Turdellaria. The alimentary canal is usually forked, 
often mucli branched, and always ends blindly. In many 
cases the animals are self - impregnating, but cro^s- 
fertilisation also occurs The development of the external 
parasites is usually direct, of the internal parasites usually 
indirect, involving alternation of generations. They occur 
on or in ail sorts of Vertebrates, but those which have 
an indirect development, and require two hosts to complete 
their life-cycle, often pass part of their life in some 
Invertebrate. 

Type, The Liver Fluke (Fistomum hepaticum) 

The adult fluke lives as a parasite in the liver and bile 
ducts of the sheep, causing “liver-rot.” Unlike most 
flukes, it has many occasional hosts, — it sometimes occurs 
in cattle, horses, deer, camel, antelopes, goat, pig, beaver, 
squirrel, kangaroo, and rarely in man. The animal is flat, 
oval, and leaf-like, almost an inch in length by half an 
inch across the broadest part, reddish brown to greyish 
yellow in colour. As the word Distomum suggests, there 
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are two suckers — an anterior, perfoiated by the mouth ; 
a second, impeiforate, a little farther back on the mid- 
ventral line. 



Fig. 95 — Structure of liver fluke — After 
Sommer, From ventral surface. The 
branched gut {g ) and the lateral 
nerve (/ n ) are shown to the left, the 
branches of the excretory vessel {e v. ) 
to the light. 

m , Mouth , jbh , pharynx , g , lateral head 
ganglion , & i , ventral sucker , c s , position 
of cinus sac An arrow indicates the ex- 
cretory aperture 


There is a muscular 
pharynx and a blind 
alimentary canal which 
sends branches through- 
out the body. The 
food IS the blood sucked 
from the liver of the 
host. From a ganglion- 
ated collar round the 
pharynx, nerves go for- 
ward and backward , 
of those which run back- 
ward, the two lateral are 
most important. Al- 
though the larva has 
eye spots to start with, 
there are no sense 


organs in the adult. 
The body cavity is no t- 
represen te d unless it be, 
by minute intercellular7 
spaces Tn the body par- 
enchyiBaT '~Intb these 
there open the internal 
ciliated ends of much- 


branched excretory 
tubes, which unite pos- 
teriorly in a terminal 
vesicle opening to the 


exterior. 


The reproductive system is 
hermaphrodite and complex 
From much-branched testes, 
speimatozoa pass by a pair ot 
ducts (vasa deferentia) into 
a seminal \esicle lying in 
fiont of the ventral sucker 


Thence they aie expelled by an ejaculatoiy duct, which passes through 
a muscular protrusible penis The retracted penis and the seminal 
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\esicle lie m a space or “ciirus sac" between the vential sucker and 
the external male genital apeitiue The o\aiy is also branched, but 



Fig. 96 — Reproductive organs of liver fluke. 

— After Sommer 

f Female aperture Ovary (dark) 

sv Seminal vehicle ui Uterus 

y gl Diffuse > oik glands c s Cirrus sac 

sh g Shell gland J> Penis 

V d. Vas deferens Ivlouth 

T Testes (anterior) g Anterior lobes of gut 


less so than the testes The ova pass fiom its tubes into an ovarian 
duct. ])Jutritive cells are gatheied from very diffuse yolk glands, 
collected in a reservoir, and pass by a duct into the end of the afore- 
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said ovarian duct At the junction of the yolk duct and the ovaiian 
duct there is a shell gland, which secretes the “homy” shells of the 
eggs, and fiom near the junction a fine canal (the Laiuer-Stieda canal) 
seems to pass diiect to the exterioi, opening on the dorsal suiface 
The meaning of this is still somewhat uncertain. In some flukes it is 
said to be a copulatory duct , in otheis it is legarded as a safety valve 
for oveiflowing products Fiom the junction of the ovarian duct and 
the duct from the yolk leseivon, the eggs (now furnished with yolk 
cells, accompanied by spermatozoa, and encased in shells) pass into a 
wide convoluted median tube, the oviduct oi uterus, which opens to 
the exteiior at the base of the penis Self-fertilisation is piobably 
noimal, but in some i elated forms cross-fertilisation has been observed 

Life history. — The fertilised and segmented eggs pass in 
large numbers from the bile duct of the sheep to the 
intestine, and thence to the exterior. A single fluke may 
produce about half a million embryos, which illustrates the 
prolific reproduction often associated with the luxurious 
conditions of parasitism, and almost essential to the con- 
tinuance of species whose life cycles are full of risks 
Outside of the host, but still within the egg-case, the 
embryo develops for a few weeks, and eventually escapes at 
one end of the shell. Those which are not deposited m 
or beside pools of water soon die. The free embryo, 
known as a miracidium, is conical m form, covered with 
cilia, provided with two eye-spots, and actively locomotor. 
By means of its cilia it swims actively in the water for some 
hours, but its sole chance of life depends on its meeting 
a small amphibious water-snail {Limnmiis truncaiulus or 
miniitus\ into which it bores. In an epidemic among 
horses and cattle in the Hawaiian Islands, the host was 
L. oahuensis , m the Sandwich Islands the host is 
Z. peregra^ in Victoria Bulimus temnstriatus This 
diversity of host, also remarkable in the adult, is very 
unusual. Within the snail, eg, in the pulmonary chamber, 
the embryo becomes passive, loses its cilia, increases in 
size, and becomes a sporocyst. The sporocyst is a hollow 
sac, with a slightly muscular wall and with the beginnings 
of an excretory system. Sometimes this sporocyst divides 
transversely (Fig. 97 (4)). 

Within the sporocyst a few cells behave like partheno- 
genetic ova. Each segments into a ball of cells or morula, 
which IS invaginated into a gastrula, and grows into another 
form of larva — the redta. These redise burst out of the 




Fig. 97. — Life history of liver fluke — After Thomas. 

I Developing embryo in egg-case, 2, free - swimming ciliated embryo, 
3 sporocyst , 2^ shell of Lhnnaus truncaiul-us , 4 division of sporo- 
cyst; 5. sporocyst with redise forming within it, 6. redta with more 
rediaa forming withm it ; 7 tailed cercana , 8 j’-oung fluhe. 
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sporocyst, and migrate into the liver or some other organ, 
killing the snail if they are very numerous. Indeed, the 
death of the snail is probably necessary for the escape of 
the final larvae. Each redia is a cylindrical organism with 
a short alimentary canal (Fig 97 (6)) 

Like the sporocysts, the rediae give rise internally to more 
embryos, but more abundantly Some of them are simply 
rediae over again, while the last set are quite different, — 
long-tailed cercarm^ with two suckers and a forked food 
canal. These emerge from the redi^, wriggle out of the 
snail, pass into the water, and after swimming for a short 
time, moor themselves to stems of damp grass. There they 
lose their tails and become encysted. If the encysted 
cercaria on the grass stem be eaten by a sheep, the cyst 
is dissolved m the stomach, and the young fluke makes 
its way up the bile duct and its tributaries. In about six 
weeks it grows into the adult sexual fluke 

It will be noted that the spoiocyst is the modified embryo, but that 
it has the power of giving rise asexually to rediae These develop, 
howevei, from special cells of the spoiocyst, which we may compare to 
spoies or to precociously developed parthenogenetic ova. Though the 
reproduction is asexual, it is not compaiable to budding or division 
The same power is possessed by the lediae, and theie are thus seveial 
(at least two) asexual generations between the embryo and the adult 
The disease of li\ er-rot in sheep is common and disastrous It has 
been known to destroy a million sheep in one } ear in Britain alone ; and 
in the winter 1879-80 the mortality attiibuted to fluke disease was 
sstimated at thiee millions. It is especially common after wet seasons, 
ind in damp districts. 

Classification — Order i. Heterocotylea, with a posterior ad- 
resive organ, often with a pair of accessoiy suckers beside the mouth 
Vfost are ectoparasitic The development is direct and associated with 
>ne host (monogenetic). 

e,g. Polystoimwi integerri 7 nnm. This form with many suckers 
IS often found m the bladder of the frog. It attaches 
itself in its youth to the gills of tadpoles, passes thence 
through the food canal to the bladder, where it develops 
slowly for yeais. 

Gyi odattylus^ found on the gills and fins of fresh - water 
fishes It is viviparous, but the embryo, befoie it is 
extruded, itself contains an embryo, and this in tuin 
another, so that three generations of embryos are re- 
presented simultaneously. 

Diplozoon paradoxu 7 ti consists of two individuals united. 
The single embryo (Diporpa) is at first free-swimming, 



LIVER FLUKE 



REDIAE SPOI^OCYST 


Fig. 98 —Diagram of life cycle of liver fluke. 

Upper quadrant, adult in bheep , j>h , phar^mx , j , sucker ; g- , gut. Right 
quadrant, free - swimming larva with eye -spots {e) Lower quadrant, 
sporocyst and rediae in water-snail , R , redia within sporocyst or within 
redia , g , gut in redia , C., cercariae in redia Left quadrant, free cer- 
caria ; g , gut ; s., sucker , t , tail. 
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but becomes a paiasite on the gills of a minnow, and 
there two individuals unite very closely and permanently. 

Tristomiwiy with three suckers, on some maiine fishes. 

Order 2. Aspidocotylea, with a large sucker occupying most 
of the ventral surface. Development is direct, and there is one host 
e.g Aspidogaster in Molluscs 

Order 3 Malacotylea, with nevei moie than two suckeis The 
development is indiiect and requires two hosts, the adult usually 
frequenting the gut of a \eitebrate. 

e g. Distotjmm, with numerous species 

Bjlharzta JuBmatobitis^ a dangeious paiasite of man, widely 
distiibuted in Africa, ^ ^ in Egypt It infests the blood 
vessels of the bladder, large intestine, etc., causing inflam- 
mation, haematuria, stone, etc The sexes are sepaiate, 
and the male (about half an inch in length) cariies the 
moie thread-like female (about an inch in length) inserted 
in a groove or gynaecophoric canal Man is probably 
infected through impure water, but the intermediate host 
IS still unknown. The embryos are passed out in the 
urine. 

Monosio 7 nu}?t, with one sucker, adults m ducks, young in 
Planorhis. 

JThe relahonships of the Trematodes are on the one hand with the 
fr^living Turbellarians, on the other hand with the parasitic Cestodes, 


Class Cestoda. Tape- worms 

The Cestodes are ifiternal parasites^ whose life history 
mcludes a bladder-worm {proscolex) and a tape-worm {strobila) 
stage, the former in a Vertebrate or Invertebrate host, the 
latter {with one exception) in a Vertebrate. In a few cases 
the body is unsegmented, e.g. Archigetes and Caryophyllseus, 
with one set of gonads , in a few others, e g. Ligula, there 
is a serial repetition of gonads without distinct segmentation 
of the body ; in most cases, e.g. Tsenia and Bothriocephalus, 
the body of the tape-worm forms a chain of numerous jomts or 
proglottides, each with a set of gonads. Thus the class in- 
cludes transitions from unsegnmited to segmented forms, but 
the latter are imperfectly integrated. The general form of 
the body is tape-like and bilaterally symmetrical, with a7itenor 
hooks, gi'ooves, or suckers ensuring attachment to the gut of the 
host. The body wall consists of a cuticle and a well-innei'vated 
epidermis, within which there is parenchymatous connective 
tissue, often with cortical deposits of lime, and at least two sets 
{longitudinal and transverse) of unstriped muscles. The 
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nervous system C07isists of two or more longituditial nerve- 
strands a7id anterior cojnmissures ^ there are ?io special sense 
07'gans. There is no alimentary system ; the parasite 
floating in the digested food of its host absorbs soluble 
rtiaterial by its genei'al surface. There is no vascular nor 
respiratory system,, and a body cavity is represented merely by 
irregular spaces in the solid parenchymatous tissue. In some 
of these spaces tliei'e ai'e ^flame-cells f ivhich he at the ends of 
the fine branches of longitudinal excretory tubes ^ which are 
united in a ring in the head,, are connected transversely at 
each joint,, and open terminally by one or more pores All 
tape-worms are hermaphrodite,, and most, if not all,, a?e 
probably selffertihsing The male I'eproduchve organs in- 
clude diffuse testes,, a vas deferens, and a pivtrusible terminal 
cirrus. The female organs include a pair of ovaries, yolk 
glands, a shell gland, a vagina by which spermatozoa enter, a 
receptacle for storing spermatozoa, and a uterus in which the 
ova develop. The embryo develops within another host into a 
proscolex or bladder-worm stage, which forms a ^Wiead^^ or 
scolex. When the host of the bladder-womn zs eaten by the 
final host, the scolex develops into an adult sexual tape-womn. 
With the conditions of endoparasitic life may he associated the 
occurrence affixing organs, the absence of sense organs, the low 
though somewhat complex character of the nervous system, the 
entire absence of a food canal, and the prolific reproduction 

Life history of Taenia solium. — This is one of the most 
frequent of the tape-worms infesting man. In its adult state 
it IS often many feet in length, and is attached by its “ head ” 
to the wall of the intestine. The head bears four suckers 
and a crown of hooks, and buds off a long chain of joints, 
which develop complex reproductive organs as they get 
shunted farther and farther from the head. The last of the 
joints or proglottides is liberated (singly or along with 
others), and passes down the intestine of its host to the 
exterior. It has some power of muscular contraction and 
of movement, and it is distended with little embryos within 
firm egg-shells When the proglottis ruptures, these are 
set free. 

In certain circumstances, the embryos, within their firmly 
resistant egg-shells, may be swallowed by the omnivorous 
pig. Within its alimentary canal the egg-shells are dis- 



192 


UNSEGMENTED ""WORMS 


solved, and embryos (hexacanths) bearing six anterior 
hooks are liberated. They bore their way from the in- 
testine into the muscles or other structures, and there 
encyst. They lose their hooks, in ci ease in size, and 



99 — Diagram of lepioductive oigans in Cei>tode joint. 

— Constructed from Leuckart 

ov , Ovary, with short oviduct , 2it , “uterus ”, f , diflfuse testes , 
sk shell gland , ,yolk gland , zj d ,vas deferens , v , vagina , 

i j , receptaculum seniinis, It , longitudinal excretory ducts , 
t e , transverse bridges connecting these 
The dotted lines above and below represent the anterior and 
posterior borders of the proglottis Note that the so-called uterus 
Is blind ; It opens to the exterior in a few tape-worms, and is 
perhaps thchomologueof the Laurei-Stieda canal ofTrematodes 

become passive, vegetative, asexual “bladder-worms.” A 
bud from the wall of the bladder or proscokx grows into 
the cavity of the same, and forms the future “head” or 
scolex. This is afterwards everted, and then the bladder- 
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worm consists of a small head attached by a short neck to 
a relatively large bladder. 



Fig ioo. — Life history of Tt£ma sohmn, — After Leuckart. 

I. Six-hooked embryo in egg-case , 2 proscolex or bladder-worm 
stage, with invaginated head ; 3 bladder-worm with evaginated 
head , 4 enlarged head of adult, showing suckers and hooks ; 

5. general view of the tape-worm, from small head and thin 
neck to the ripe joints ; 6 a npe joint or proglottis with 
branched uterus (cf Fig. gg) ; all other organs are now lost 

When man unwittingly eats measly’^ pork — that is, pork 
infested with bladder-worms — an opportunity for further 
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development is afforded. The bladder is lost, and is of no 
importance, but the “head” or scolex fixes itself to the wall 
of the intestine. There it is copiously and richly nourished, 
and buds off asexually a chain of joints. 

As these joints are pushed by younger interpolated buds 
farther and farther from the head, they become sexually 



First chapter Tapeworm in man, 1/ , head, PR , proglottides Second 
chapter Free proglottis and egg-cases; ui , uterus , , genital aper- 

ture, embryo within the egg-case Third chapter Within the inter- 
mediate host, the pig ; E , hexacanth embryo sc , proscolex or bladder- 
worm , m , muscle of pig ; sc., scolex or head 

mature. The ova are fertilised, apparently by spermatozoa 
from the same joint; the joint becomes distended with 
developing embryos. These ripe joints are liberated, the 
embryos are set free by rupture, and the vicious circle may 
recommence. Happily, however, the chances are many 
millions to one against the embryo becoming an adult 

The above history is true, mutatis 7mitandis, for many other tape- 
worms The embryo grows into a proscolex or bladder, which buds off 
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a scolex or head, which, in another host, buds off the chain of proglottides 
As It IS virtually the same animal throughout, the life histoiy does not 
include an “alternation of generations ” It is doubtful, hov\ever, uhat 
term should be applied to those cases in which the bladder- worm 
{Ccemtrus and Echinococcus) forms not one head only but many, each 
of which is capable of becoming an adult tape-worm. The only known 
exception to the fact that sexual tape-worms are parasites of \'ertebrates 
IS Archigetes sieboidzi, a simple cestode which is sexual within the small 
fresh-water oligochjet 7 ttbifex rividontm 


Represe?itative Life Histones 


Adult, Sexual, or Tape-worm 
Stage 


1 Teenia solium^ in man, with four 
suckers and many hooks 

2 Ttema saginata or luediocanellata^ 
m man, with four suckers, but no hooks 

3 Bothriocephalus lathis, in man, 
with two lateral suckers, but no hooks, 
with less distinct separation of the pro- 
glottides than in Tcenia It maj’’ be 
1 1 yards in length 

4 Tama echtnococcuSy in dog 


5 Teem a ccenurusy in dog. 


6 Tama serrata, in dog. 

7 Tcema cucw/ierina, in cat 
8. Tama elhptica, m dog 


NoN'SexuaLjProscolex, or Bl\dder- 
w ORM Stage/ | 


1. Cysticei ctis cellulosay m muscles of 

the pig. I 

2. Bladder-w orm in cattle 

3. The ciliated, free-swimming embryo ' 

becomes a parasite in the pike, trout, 1 
burbot, etc , but without a distinct i 
bladder-like stage j 

4 Echinococcus vetennonimy in 1 
sheep, cattle, pigs, etc , and some- [ 
times m man, producing brood cap- 
sules, which give nse to many ‘ heads. ’ 

5 CamiruscerebrahSyCXiXys\ri^'i,t\xx&it j 
or staggers in sheep producing numer- 
ous “ heads ” 

6 Cysticercus ptsiformtSy in rabbit 

7 Cyshcercus fasciola-nsy in mouse. | 

8 in dog-louse or perhaps ( 

in flea I 


Zoologically the cestodes are interesting, on account of their life 
histories, the degeneration associated with their parasitism, the pre- 
valence of self-impregnation, and the complexity of the reproductive 
organs Practically they are of importance as parasites of man and 
domestic animals. 

Glassificatiozu — The class Cestoda includes a number of families . — 
Cestodariidse. No joints, one set of gonads. 

e g. Archigetes y Caryophyllaus, Ainphzlma, 

Bothnocephalidge Two weak flat suckers ; genital openings usually 
on the flat surfaces. 

e g» Bothriocephalus ; Ligula, with no suckers or joints but with 
serial gonads. 

Tetrarh3mchid£e. With four protrusible proboscides armed with 
hooks, parasites of fishes. Found also in Septa 
e.g. Tetrarhynchus, The finest pearls in the Ceylon pearl oyster 
are formed round a lar\'al Tetrarhynchus. 
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Tetraphylhdc-e. With four very mobile suckeis 
e g Echeneiboihrttwi, Phyllohothriiim, 

Tcenudse. With four suckers, often with apical hooks, with maiginal 
genital apertures 
eg, Tceiita, 

General Note on Platy- 



Fig. 102. — Diagrams of 
bladder-worms. 

I. The ordinary Cysticercus type, 
with one head {H ) 


HELMINTHES 

The four classes Turbellaria, 
Trematoda, Cestoda, and Temno- 
cephaloidea, constitute the Platy- 
helminthes or Flat-worms — an 
interesting group, because its mem- 
bers illustrate so well the progressive 
degeneration associated with increas- 
ing parasitism, and also because of 
the relatively great simplicity. The 
four classes are undoubtedly nearly 
related, for forms like Temnocephala 
connect Turbellaria and Trematoda, 
and the “monozoic” Cestodes like 
Archigetes^ Aniphihna^ and Caryo- 
phyllcBus^ connect Trematoda and 
Cestoda 

Among the most striking of the 
Platyhelmmth characters are the 
nature of the excretory and repro- 
ductive organs and the condition of 
the mesoderm. The excretory system , 
with its longitudinal trunks, its 
ramifying cands, and “flame-cells,” 
is eminently characteristic, though 
It occurs in more or less modified 
condition in highei forms The 
reproductive organs are complex, 
show division of laboui, and aie 
furnished with ducts of their own, 
unconnected with the excretory 
system — a condition of aflaiis not 


II. The CcEiiurus type, with many common elsewhere. The presence 

t, . * ..k of shells around the eggs is another 

III The Echinococcus type, with ^ r ^ ^ tP i r 

many heads, and with brood point of interest It becomes of 

capsules producing many great importance to the parasitic 
flukes and tape- worms, but occuis 


also in the free -living Turbellaria. 


The formation of yolk cells from a specialised part of the ovary 


(yolk gland) is also noteworthy. There is no true body cavity, the 
space between gut and body wall being hlleci with a packing tissue ; 
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Gass Nemertea. Nemer tines 


The ribbon-worms or Nemertmes are interesting m many 
ways, eg in being the simplest animals to have an open 
gut, a closed blood-system, and, occa- 


sionally, haemoglobin ; m having some 
very peculiar structures, notably a pro- 
trusible proboscis and ciliated ^head 
slits, m being m many cases extra- 
ordinarily extensile and liable to break 
into pieces. 

The Nejnerhnes are worm-like ani- 
mals, unsegmented and generally elongate 
in form , they are almost all 7narine, 
a7id most, if not all, are carnivorous 
The ectoderm is ciliated. There is a 
rema7‘kahle retractile proboscis, uncon- 
nected with the alimentary canal, and 
forming a tactile oigan or a weapon 
The nervous sys'tem consists of a brain, 
a commissure round the proboscis, and 
two lateral nerve-cords , in connection 
with the brain thei'e is a pair of ciliated 
pits The gut terminates in a posterior 
anus, and is furnished with lateral 
pockets. There is no body cavity in the 
adult, but the closed vascular system is 
probably of coelomic origin. The ex- 
cretory system is apparently of the 
Platyhelminth type. The sexes are usu- 
ally separate and the organs simple. The 
development is in some cases direct, while 
in others there is a peculiar pelagic larva 

Fig. 103 — Diagrammatic longitudinal section 
of a Nemertean [Amphporus taciiforeus), 
doisal view — After ]Nt‘Intosh. 

Pioboscis pore, , brain giving off the lateral 
nerve-cords (n); /<? , oesophageal pocket, , pro- 
boscis lying within its sheath , sf , stilet of proboscis ; 
m , retractor muscles of proboscis ; ^ , gut show n in 
outline at the sides of the proboscis , e , the three 
main longitudinal blood vessels, which unite both 
anterioily and posteriorly 
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General Account of Nemertea 

In appearance most Nemertines are ribbon- or thread-like, and the 
cioss-section is generally a flattened cylinder. They show a greater 
diversity of size than any other “worms,” — fiom a Limits^ 12 or more 
feet in length (25 metres has been lecorded for an extended Lineus 
lo 7 igtsst?mis), to the pelagic Pelagoiiemertes, which is under an inch. 
The colours aie often bright, and tend to resemble those of the sur- 
roundings The ectodeim is co\eied with numeious short cilia, and 



tv 


Fig 104 — Transverse section of the Nemertean Drepanophorus laius 
— After Burger. 

d n , Dorsal or proboscis ner\ e , P j , proboscis sheath ; P c , proboscis 
cavity ; P s' , sac of proboscis cavity , dvvt, dorso-ventral muscles , 
c.m , circular muscles , / w , longitudinal muscles , / « , lateral nerve 
with branches; P , parenchyma; gut, Iv , lateral blood vessel, 
beside which lies an excretory vessel ; A / , excretory pore , d,v' , dorsal 
blood vessel ; Ep epidermis 

many of its cells are also glandular, secreting the mucus, which often 
forms a tube around the animal, or is exuded in movement. Beneath 
the epidermis there is a parenchyma, consisting in part of connective 
tissue, and often in part gelatinous. The body is remaikably con- 
tractile, and in some cases the spasms result in breakage. The muscles 
are circular and longitudinal, and often also diagonal. The fibres are 
striped In the adult there is no distinct ccelom, the space between 
the gut and the body wall being filled up with gelatinous connective 
tissue. In the larvse, however, a body cavity may be seen, either as an 
archicoele, t.e. the persistent segmentation cavity {Ltneus obscurtis), or 
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as a schizoccele, a space formed by the cleavage of the mesoderm 
into two layeis {Rt/tdziim-larMs), In the adult onI> the blood spac^ 
and the cavity of the proboscis sheath are coelomi c The nervr^ 
system consists ot a biain generally toui-lobed^— theTwo lobes of each 
side being closely united and connected w ith those on the othei side by 
a commissure abo’ve and by anothei below the pioboscis caiutv From 
the lowei lobes two longitudinal ner\*e-stems run along the sides, and 
are sometimes united posteriorly above the anus (Fig. 104, /.« ) In 
some forms there is m addition a doiso-median nerve, and sometimes a 
ventro-median nerve 


On each side of the head there is a ciliated pit communicating with 
the extenor through an open slit or groove, and communicating inter- 
nally either wnth the brain itself or with adjacent neivous tissue. In 
those cases in which the development has been studied, these so-called 
lateral organs arise from 
epiblastic insinkings and 

oesophageal outgiovvths. In ^ 

the most primitive genus, ^ 

Cajinelia^ they are absent, 

except in one species. It j a c. 

has been suggested that they ^ /I ^ 

conduce to the respiration of \ » 1 / m 

the biain, which is iich in 

haemoglobin, and they have l I - 

even been compared with 
gill-slits In some foims the 
groove thiough which they 

open to the exterior is rhyth- ^ 

imcally contractile It has Fig. loS—Transveisesectionofasimple 
also been suggested that they Nemeilean ( Ca;v«e/ta).-After Burger 
are sensory. Apart from ' ** 

these organs, Nemertines are » Dorsal nerve , pc , probosns caMtj , ^ , 

verv <;ensitivp and m mnnv cm, circular muscles, / w., longi- 

very sensitive, ana in many t^dmal muscles, dorso - ventral or 

this IS associated with a super- diagonal muscles , , lateral blood \essel 

ficial nerve plexus Tactile 

papillm and patches are often present j eyes and eye spots are 
general ; and in some there are otocyst-sacs. Apart from the cephalic 
slits, the head also bears sensory’’ pits and grooves and terminal 
sensory spots In some there is a pair of lateral sense organs 
in the (anterior) nephridial region. The mouth is vential, and leads 
into a plaited glandular fore-gut or oesophagus, which is followed by a 
straight, ciliated mid-gut (stomach and intestine), usually with regularly 
arranged lateral caeca. Between the cmca run transverse muscle parti- 
tions. The anus is in most cases terminal. In a cavity along the dorsal 
median line there lies the leniarkable proboscis. It is protruded and 
retracted through an opening above, or, in a few' cases, wuthm the 
mouth It arises as an invagination fiom in front, and is a muscular, 


gut * cm, circular muscles , I w., longi- 
tudinal muscles , d v m , dorso - ventral or 
diagonal muscles , / & , lateral blood \ essel 


very richly innervated tube lined with glandular epithelium, sometimes 
protruded with such force that it separates from the body, and then 
often retains its vitality for a long time, as if it were itself a woim. It 
has been compared m its retracted state to a glove-finger drawn in by 
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two threads attached to its tip, the threads being retractor muscles. 
But in front of the attachment of the retractor muscles there is a non- 
eversible glandular region which secretes an iiiitant fluid In many 
cases there are stilets at the tip of the eveisible poition, and if these be 
absent, there are stinging cells or adhesive papillse. There is a hint of 
a similar structure in some Tuibellanans, and the organ may be inter- 
preted as one which was ongmally tactile, but which has become 
secondarily aggiessive It is protiuded by the muscular contraction of 
the walls of the proboscis sheath, which forms a closed cavity sun ound- 
ing the pioboscis, and containing a fluid with coipuscles (Fig 103). 

In the majoiity theie are three longitudinal blood vessels or spaces, 
a median and tw^o laterals, which unite anteriorly and posteiioily, and 
also communicate by numeious transverse branches The vessels 01 
spaces are remnants of a coelom. The blood is a colourless fluid, 
sometimes at least wuth nucleated elliptical coipuscles in which hcemo- 
globm may be present 

The excretory system usually consists of two coiled ciliated canals 
opening in the anterior region by a varying number of ducts They are 
said to divide up internally into numerous fine branches ending in flame- 
cells, or in blind ampullse embedded in the walls of the blood vessels. 

The sexes are usually separate, and the reproductive organs are 
always simple. A few species (of Geonemei tes and Prosadenophorus) are 
hermaphrodite, and some species of Teb'astemma are protandrous The 
oigans consist of simple sacs, aiianged in a senes on each side between 
the intestinal caeca, and communicating with the exterior by fine pores 
The ova are often laid in gelatinous tubes, and are probably feitihsed 
shortly before or at the time of expulsion In thiee or four forms 
{ProsorJioch 7 mis, a fresh- watei 7 'etrastemi,iay a species of Ltnetis) known 
to be viviparous, the fertilisation must, of course, be inteinal. 

Segmentation is total and almost always equal ; a complete or partial 
gastrula is formed, and development may be diiect 01 indirect 

In Ce^ebi atuhis, etc., the larva is adapted for pelagic life, and is 
known as the Pihdium “ In external shape it resembles a helmet with 
spike and ear lobes, the spike being a strong and long flagellum or a 
tuft of long cilia, the ear lobes lateial ciliated appendages” (Hubrecht). 
Out of this, somewhat abruptly, the adult form arises. 

Relationships. — The Nemertines are probably nearly 
related to Turbellaria, but show some very distinct marks 
of advance. Of these, the most noticeable are the presence 
of an anus, of a closed vascular system, of a coelom at least 
in the larva. The presence of flame-cells m connection 
with the excretory system confirms the idea of Platyhelminth 
affinities, but it is to be noticed that the reproductive 
system is strikingly different. Professor Hubrecht has 
suggested that Nemertines exhibit affinities with Verte- 
brates, comparing proboscis sheath with notochord, and 
so forth. 
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Olassification. 

Order Protonemertini Brain and lateral neives outside the muscular 
layers , mouth behind brain ; no stilets 
Ca^ tnella^ Htihrechtta. 

Order Mesonemertini. Lateral nerves m the muscular la} er , mouth 
behind brain ; no stilets 
Carinoma^ Cephalothrtx 

Ordei Metanemertim. Mouth in fiont of brain, usually opening 
along with pioboscis,* usually with stilets; lateral nerves 
internal to the musculai layers , usually \v ith an intestinal 
csecum 

eg, A 7 nph 2 porus^ Dyepanopliorus,, Tetrasiermna. 

An isolated form, Nalacobdella^ parasitic in bivalves, 
has a posterior sucker, a coiled intestine, and other 
peculiarities 

Order Heteronemeitim Mouth behind brain ; no stilets , three 
layers of muscle, the outermost and innermost longitudinal ; 
lateral nerves outside circular muscular layer 
e,g. Linens, Ceiebratulus. 

Habits. — Most Nemertines are marine, cieeping about 
in the mud, under stones, among seaweed, and the like; 
many, e,g, Cerebratnhis, are able to swim ; Felagonemertes 
and Flankio?iemertes are leaf-like hyaline forms of pelagic 
habit ; two or three species of Frostoma live m fresh water , 
seven species of Geonemertes are terrestrial, Malacobdella 
and a few others live in the mantle-cavity of marine 
bivalves, and some others are found as commensals in 
Ascidians , Cephalothrix galathece destroys the eggs of 
its host — the crustacean Galathea, Most seem to be 
carnivorous, eating annelids, molluscs, and even small 
crustaceans. Many break readily into pieces when irritated, 
and some are able to regenerate what they lose in this way. 
The fresh- water Frostoma lumbricoides forms a protective 
cyst of mucous threads in unfavourable conditions, and 
Tetrastemma dorsale often does the same along stems of 
the hy droid Tubularia. 


Phylum Nemat^helminthes 

Class Nematoda, e.g. Ascaridse. 

Class Nematomorpha, Gordiidse. 

Class Acanthocephala, e,g. Echtnorhynchus, 
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Class Nematoda Thread-worms, Hair-worms, etc. 

TJiq JVepiatodes are 7i7isegme?ited^ more or less thread-hke 
worms some of which ai'e freedimng and others parasitic 
The body is covered by a ciiticLe^ often thick^ often subject to 
moulting , the muscular system consists of elongated muscle- 
cells arranged longitudinally^ and usually leaving tivo free 
“ lateral lines ” From a nerve-ring around the gullet^ six 
nerves go forivards and six backwards. The alimentary canal 
IS usually well developed^ has mouth and anus, and is divided 
into three regions Vascular and respiratory systems are 
unrepr esented j the cavity of the bo dy is not caHomic , the 
r emarkaOLe excretory system consists of two latei^al canals 
T^ening anteriorly by a sin.Fe hore. The sexes are usually 
separate and the I'eproductive organs simple ^ there is distinct 
sexual dimorphism. The life history is often intricate. There 
are many remarkable features such as the sluggish amceboid 
spermatozoa, the absence of cilia, and the absence of migratory 
phagocytes. 

Type, Ascaris megalocephala, the Round-worm 
of the horse 

This round- worm occurs in the small intestine of the 
horse, while other species similarly infest man, ox, pig, 
etc. The body is cylindrical in cross-section and tapering 
at each end. The colour is dead-white, the absence of 
pigment being very characteristic of Nematodes. Some of 
the small thread-worms, e.g. Trichostrongylus pergracilis in 
the caeca of the grouse, are quite transparent and almost 
invisible when alive. At the anterior end is the mouth, 
furnished with three lips bearing sense papillae , the anus is 
posterior and ventral. The male is smaller than the female, 
and has a recurved tail furnished with two horny spines and 
numerous sense papillae. It is usually about seven inches 
long, while the female may be as much as seventeen. 

{a) Most externally there is a thick chitinoid cuticle, 
perhaps of protective value. With its presence may be 
associated the scarcity of cutaneous glands, and the absence 
of cilia, (b) Beneath this is the sub-cuticula or epidermis, 
thickened along four longitudinal lines — median dorsal, 
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ventral, and lateral — and consisting of a protoplasmic matrix 
without distinct cell-limits. Except at the tail-end the 
nuclei are confined to the longitudinal lines, and are most 
numerous laterally. The epidermis makes and remakes 
the cuticle, which is periodically moulted, (c) Beneath the 
epidermis is a layer of remarkable muscle cells, lying in 
groups defined by the lines mentioned above. Many of 
the Nematodes are very 
agile. 

Around the pharynx there 
is a nerve-ring from which 
six nerves run forwards and 
six backwards. One runs 
along the median dorsal 
line — a unique position in 
an Invertebrate. Here and 
there on the ring and on the 
nerves there are ganglionic 
cells, but there is but little 
aggregation of these into 
ganglia. Sense organs are 
represented by the papillae 
already mentioned. 

As the food consists of 
juices from a living host, 
it is not surprising to find 
that the alimentary canal 

has but a narrow cavity. ^ n ^ Porsal nerve , n.c ^ non-contractile 
It consists of three parts — portion of muscle cells ; c, cuticle, 

epidermis , / / , lateral line , c z> ^ ex- 
a fore-gut or oesophagus, cretory vessel , m., contractile portion of 

muscle cells, vn^ ventral nerve, ozr,. 

lined by the inturned cuticle, ^ ^ uterus , gut. 

a mid-gut or mesenteron of 

endodermic origin, and a usually short hind-gut or rectum, 
lined by the cuticle. When the external cuticle is shed, so 
IS that of the fore-gut and hind-gut (cf. Crayfish). 

There is a distinct space between gut and body wall, but it is lined 
externally by the muscle cells, internally by the endoderm of the gut, 
which has no mesoblastic coat ; the space is therefore not strictly 
coelomic. It contains a clear fluid, which probably discharges some of 
the functions of blood. There are no free amcehoid phagocytes. 

Embedded m each lateral Ime there is a longituchnal canal. These 


d n 



Fig 106. — Cross-section through 
A sc arts. 
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unite anteriorly, and open in a ventral excretory pore near the head 
They seem to be associated internally with fixed phagocytic cells. 
In the species discussed there are four giant branched cells situated 
anteriorly, w hich are especially connected with 
taking up waste particles The relation of 
this excretoiy system to that of othei In- 
vertebrates IS unknown 

The sexes are separate. In the 
male the testis is unpaired — a coiled 
tube gradually differentiating into vas 
deferens, seminal vesicle, and ejacu- 
latory duct. The genital aperture is 
close to the anus. The spermatozoa 
have not the typical form, and are 
sluggish. In the female the ovary is a 
paired tube, which passes gradually into 
an oviduct and a uterus at each side, 
and a short unpaired vagina The 
genital aperture is ventral and anterior. 

The ova meet the spermatozoa at 
the junction of uterus and oviduct. 
Segmentation is total, and results in 
the formation first of a blastula and 
then of a gastrula. The germ-cells are 
distinguishable very early from the 
body-cells. Blastopore and archen- 
teron are obliterated, the mid -gut 
arising as a secondary splitting between 
two rows of endoderm cells. The eggs 
T- rn . . pass out of the gut of the host and 

probably hatch in water, and are thus 
Nematode re-introduced. No intermediate host 

—After Caleb. has yet been found. 

m , Mouth , c , a cuticular 

ring , O’ , oesophagus , ^ , The Nematoda form an important gioup, 
bulb containing teeth ; interesting both on account of their parasitism 
account of then peculiaily isolated 
penial spine at anus ’ zoological position. Though paiasitism IS 
exceedingly common, many are free -living 
foi at least a pait of the life cycle, and feed on putrefying organic 
matter. Again, although the number of mdividuals which may infest 
one host shows how successful the parasitism is, yet Nematodes exhibit 
few of the ordinary adaptations to a parasitic life, and there is no sharp 
structural line of demarcation between free and parasitic forms. Among 
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histological peculiarities, the absence of cilia— paralleled elsewhere 
only among the Arthropods— the nature of the muscle cells, the con- 
dition of the sub-cuticular layer, are to be noticed Among the grosser 
structural peculiarities, the nature of the excretory system, of the body 
cavity, and of the nervous system, are worthy of special note. Sense 
organs are never well developed, but m the free-living forms simple 
eyes may occur. The alimentary canal is usually completely developed, 
but may, as in Sphanilaria, be degenerate. Of the relationships 
nothing is known. 


Life Histories 

1. The embryo grows directly into the adult, and both live m fresh 

or salt water, damp earth, and rotting plants — Enophd.'e, e g. 
Enoplus. 

2. The laivse are free in the earth, the sexual adults are parasitic in 

plants, or in Vertebrate animals, e.g. Tylemkus s^andens, a 
common parasite on cereals; Stroftgylus and Dochnnus in 
man. 

3. The sexual adults are free, the larvse are parasitic in insects, 

eg, Mermis, The fertilised females of Sphcerularta homhi 
pass from the earth into the body-cavity of humble-bee and 
wasp, whence their larvae bore into the intestine and eventually 
emerge. 

4. The larv£e are parasitic in one animal, the sexual adults in another 

which feeds on the first Thus Olhilanus passes firom mouse 
to cat, Cucullanus from Cyclops to perch. 


There are other life histories, and many degrees of parasitism. The 
most remarkable form is Afigiostornum (or Ascans or Leptodera) 
mgrovenos 7 i?n. In damp earth males and females occur, the progeny of 
which pass into the lungs of frogs and toads. There they mature into 
hermaphrodite animals (the only example among Nematodes), which 
produce first spermatozoa and then ova. They are self-impregnating, 
and the young pass out into the earth as males or females. Here there 
IS alternation of generations . and a somewhat similar story might be 
told of Rkabdonema strofigyhzdes from the intestine of man, and 
Leptodera appenditiilata from the snail. 

There are several quaint reproductive abnormalities, thus — the female 
Sphcerularia bojnbi, which gets into the body cavity of the humble-bee, 
has a prolapsed utems, larger than itself ; the male of Trichodes crassz- 
cauda passes into the uterus of the female. 


[Table. 
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Some of the most Important Forms Parasitic in Man 


Name 

Position 

History 

Result on 
Host 

Ascm IS lumbri- 
cozdes, maw worm 
(common) 

[A my slax, com- 
mon in dogs and 
cats, has also been 
found m man ] 

Usually in small 
intestine 

Repeated experi- 
ment has shown that 
infection results if 
the eggs (with their 
outer envelope en- 
tire) are swallowed 
along with vegetable 
food or otherwise 
Von Linstow has 
suggested, on theo- 
retical grounds, that 
two myriopods, 
Julus guitzdaius 
and Rolydesmus 

complanaius ^ may 
be intermediate 
hosts 

Commonest in 
children , rarely 
dangerous, unless 
very numerous, or 
through wandering 
into other paits of 
the body, such as 
respiratory tract, 
bile duct, vermi- 
form appendix 

Like the two 
species that follow, 
it may by punctur- 
ing the wall of the 
gut liberate patho- 
genic bacteria 

Oxyiirzs verfm- 
cula-ns (common) 

F rom stomach to 
rectum, mostly in 
colon 

From food or 
water 

Rarely more than 
discomfort 

Trtchocejthalus 
dzsj>ar or trzchi- 
tirus, the whip- 
worm (common) 

Colon ; more 

rarely appendix 

and small intestine. 



Dochnmzs{A ncky- 
lostoynum') duoden- 
ahs (Europe, 

Egypt, Brazil). 

R hab donema. 
strongyloides 

Small intestine. 

Associated with 
Dochmzus 

The larvte seem 
to live freely m the 
earth Infection by 
ingestion or cutan- 
eously 

Ulceration, hae- 
morrhage, and dan- 
gerous anaemia It 
was common in the 
workers at theMont 
Cenis Tunnel, and 
has occurred in 
Cornish mines 

Fzlarza sangutms 
Australia, 
China, India, 
Eg} pt, and Brazil) 

Mature female in 
lymphatic glands, 
embryos in blood 

Larvae in a mos- 
quito 

Elephantiasis 
and haematuria 

Dracufi cuius {Fzl- 
arzd) zuedznensis 
(Guinea- worm), m 
Arabia, Egypt, 

Abyssinia, etc 

The female is r-6 
ft. long, encysts 
beneath skin, es- 
pecially of back or 
legs The male 

is practically un- 
known. 

Larvae in a Cy- 
clops 

Subcutaneous 

abscesses 

'Irzchzna. f^zralzs 

Becomes sevually 
mature in the intes- 
tine , embryos, pro- 
duced rapidly and 
vmparously, find 
their way to 

muscles, and be- 
come encysted 

Flora “ trichi- 

nosed ” pig’s muscle 
to man 

Inflammatory pro- 
cesses, often fatal, 
are brought about 
by the migration 
of the young worms 
from intestine to 
muscles 
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Trichina — The foimidable Tnchma deserves fuller notice. It is 
best known as a parasite in man, pig, and rat, but occurs also in 
hedgehog, fox, marten, dog, cat, rabbit, ox, and hoise The sexual 
forms live in the intestine, the female about 3 mm in length, the male 
less than half as long After impregnation the female brings foith 
numerous embryos viviparoiisly, sixty to eighty at a time, and altogether 
about 1500 These are pioduced m the W’all of the intestine, or in the 
adjacent lymphatic spaces. Most of them find their w^ay into lymph 
and blood vessels, and aie swept by the blood stream to the muscles ; 
occasionally some seem to migiate actively, boring theii w ay especially 
thiough connective tissue The migiation causes inflammation and 
fever. In or between the muscle fibres they grow’, coil themselves 



Fig. 108 — Trichinae in muscle, 
about to be encapsuled — 
After Leuckart. 


Fig 109. — Trichinae in muscle, 
encapsuled There may be 
12,000 in a gramme of pig*s 
muscle. — After Leuckart. 


spirally, and become encysted within a sheath, at first membranous 
and afterwards calcareous (Figs. 108 and 109). The cyst is partly due 
to the muscle, and partly to the parasite. The infected muscle fibre 
degenerates. In these cysts, which may be sometimes counted in 
millions, the young Trichinae remain passive, unless the flesh of their 
host be eaten by another,— pig eating rat, man eating pig. In the 
alimentary canal of the new host the capsule is dissolved, the embryos 
are set free, and become m two or three days repioductive. The male 
seems to die after copulation. 

Among the numerous other parasitic Nematodes the following may 
be noted The giant palisade worm {Eiistrongyhts gigas) occurs m the 
renal region of domestic animals, etc. ; the female may be 3 ft. long. 
The armed palisade worm [Strongylus armattis) occurs in the intestine 
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and intestinal arteries of horse, causing aneurisms, colic, etc. The 
young forms are swallowed from stagnant water, bore from gut into 
arteries, become adult, letiirn to gut, copulate and multiply. Various 
other species of Strongylus occur in sheep, cattle, etc. Of the genus 
Ascaris alone, over 200 species have been found m all types of Verte- 
brates ; — A, 7 negalocephala in horses. A, hwtbricoides in man, A mystax 
in cats and dogs. Syngai 7 ius iracheahs occurs in the trachea of birds, 
causing ‘‘gapes,” eg, in poultry and pheasants. It pierces the wall 
of the trachea, and ‘ ‘ actually clenches the teeth with which its mouth 
IS provided m the tracheal rings ” A remarkable large form, Ichthyo- 
nema grayi, is found inside sea-urchins Various species of TylenchuSy 
especially T devastatrix 2xA T scandens{ox T, intta)^ destroy cereal 
and other crops. Various species of Hete?vdera (especially ff. schachhi 
and H, radtacola) infest the roots of many cultivated plants, e g. turnip, 
radish, cabbage. 


Class Nematomorpha 

The Gordiidce {e.g, Gordius aquaticus — the horse-hair worm) are so 
different from true Nematodes that they must be ranked m a separate 
class. There are no lateral lines. Three neive-strands he close 
together in the niid-ventral line. In the adult Gordius the mouth is 
shut and the food canal is partly degenerate. The adult Gordndse 
usually live freely m fresh water; larval forms occur in aquatic 
molluscs, young insects, etc. ; later stages usually occur in carnivorous 
insects, whence they emerge to become adult in the water. One form, 
Nectonema agile ^ is marine. 


Class Acanthocephala 

For a few genera, of which the best known is Echviorhynchus^ 
whose larvae live in Arthropods, and the adults in Vertebrates, a 
special class, Acanthocephala, has been established They may be 
placed beside Nematodes, but the relationship does not seem to be 
very close. Mouth and gut are absent. The anterior end bears a 
protrusible hooked proboscis used in boiing in the intestinal wall of the 
host In the minute swellings at the ends of the two much-branched 
excretory organs of E, g^gclSi there are ciliated cells, — the only case 
known among Nematohelmmthes. 

Echiuorhynchus proteus of pike, minnow, trout, etc., larva in the 
Amphipod Gammarus pulex, 

,, angustatus of perch, larva m the Isopod Asellus 

aquaticus, 

,, monihforims of rat, etc., larva in laival beetles 

[Blaps), 

,, gigas of pig, larva in grubs of cockchafer, etc. 
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PHYLUM ANNELIDA 

Chief Classes — Ch^topoda, Discophora 

The Annehds or A 7 i 7 iulata are segnmited ^^wormsf ni 
most of which the segnmitatiofi of the body is visible exter- 
nally, The head usually cofisists of a pre-oral ^frostomiian ” 
and a post-oral peristonimm The body wall has several 
layers of jnuscles^ and 7 nany, eg. Chcetopods, have sefce 
e7nbedded i 7 i the ski 71, In inost^ there is a well-developed 
coelo 77 i^ com municatmg with the exterior by paired nephridia. 
The 7 iervous system consists typically of two dorsal cei’ebral 
ganglia^ a coiiiniissural ring rouiid the gullet,^ and a veiitral 
gaiiglionaied chain The gonads arise on the coelomic epi- 
thelium, Not infrequently the nephmdia function also as 
genital ducts. The development may be direct or indirect^ 
and if indirect it usually includes a larval Trochosphere stage. 

In habit, form, and structure the Annelids exhibit much 
diversity. The Chsetopods, represented on the one hand 
by the familiar earthworm, and on the other by the marine 
worms, best illustrate the typical Annelid structure. With 
these, however, may be included the aberrant Echiurid^, 
e g, Echiurus and Bonellia A few primitive forms ( Archi- 
Annelida), and the Myzostomata (parasitic on Crinoids), 
may also be appended to the Chsetopod class. The leeches 
(Discophora) are probably Annelids which have diverged 
in consequence of a peculiar half-parasitic habit. Finally, 
some zoologists include Sagitta (Cbaetognatha) in this series 
as an Annelid with three segments, and also the Rotifers 
(Rotatoria), whose adult form somewhat resembles the 
lYochosphere larvae of many Annelids. 

14 



210 


PHYLUM ANNELIDA 


Class Ch.^:iopoda. Annelids with Bristles 

Segmented animals with seta developed in little skm-sacs^ 
either on a uniform body wall or on special locomotor pro- 
trusions known as parapodia The segments^ indicated 
externally by rings, are often marked internally by parti- 
tions running across the body cavity, which is usually well 
developed. The nervous system generally consists of a double 
ventral chain of ganglia, connected imth a pair of dorsal 
cerebral ganglia by a ring round the beginning of the gut 
Two excretory tubes or nephridia are typically present in 
each segment, and they or their modifications may also 
function as reproductive ducts. The reproductive elements 
are formed on the lining membrane of the body cavity. The 
development is either direct or with a metamorphosis 

The two chief orders of this class may be contrasted — 


OnGOCH s g Earthworm 


With no parapodn, and with relatively 
few seta. 

Without any “jaw ” appaiatus in the 
pharynx 

Head not highly developed No tent- 
acles or cirn Gills m a few forms 

With complex hermaphrodite reproduc- 
tive organs, limited m numher and 
definitel} localised 

Development direct 

Liv ing in fresh water or in the soil 


PoLYCH^TA, eg Nereti 


With parapodiaand with very numerous | 
setss 

The pharynx is often armed with 
“jaws ” 

The head is much more developed, and 
bears tentacles and cirri. GilK are 
often present. | 

Sexes usually separate and leproduc- ^ 

tive organs simple j 

A metamorphosis m development | 

Marine, with tw'o or three exceptions j 


Type of Oligogh.eta The Earthworm {Lumbricus) 

HaMts. — Earthworms eat their way through the ground, 
and form definite burrows, which they often make more 
comfortable by a lining of leaves. The earth swallowed by 
the burrowers is reduced to powder in the gut, and, robbed 
of some of its decaying vegetable matter, is discharged on 
the surface as the familiar “worm -castings.” By the 
burrowing the earth is loosened, and ways are opened for 
plant-roots and rain-drops, the internal bruising reduces 
mineral matter to more useful form ; while, in covering 
the suiface uitli earih brought up from beneath, the earth- 
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worms have been ploughers before the plough. Darwin 
calculated that there were on an average over 53,000 
earthworms in an acre of garden ground, that 10 tons of 



soil per acre pass annually through their bodies, and that 
they cover the surface with earth at the rate of 3 in. in 
fifteen years. He was therefore led to the conclusion that 
earthworms have been the great soil -makers, or, more 
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precisely, that the formation of vegetable mould was mainly 
to be placed to their credit. 

Though without eyes, earthworms are sensitive to light 
and persistently avoid it, remaining underground during 
the day, unless rain floods their b^urrows, and reserving 
their active life for the night. Then, prompted by “love” 
and hunger, they roam about on the surface, leaving on 
the moist roadway the trails which we see m the morning. 
More cautiously, however, they often remain with their tails 
fixed in their holes, while with the rest of their body they 
move slowly round and round. The nocturnal peregrina- 
tions, the labour of eating and burrowing, the transport of 
leaves to their holes, the collection of little stones to pro- 
tect the entrance to the burrows, include most of the 
activities of earthworms, except as regards pairing and egg- 
laying, of which something will afterwards be said. When 
an earthworm is halved with the spade, it does not neces- 
sarily die, for the head portion may grow a new tail, while 
a decapitated worm may even grow a new head and brain. 
Phagocytes help as usual in the regeneration. The earth- 
worm is much persecuted by numerous enemies, e,g centi- 
pedes, moles, and birds. The male reproductive organs 
are always infested by unicellular parasites — Gregarines of 
the genus Monocystis ; and minute thread-worms {Felodera 
pelhd) usually occur in the nephridia and body cavity, and 
often in the ventral blood vessels. 

Porm and external characters — The earth^\orm is often 
about 6 m long, with a pointed head end, and a cylindrical body 
rather flattened posteriorly The successive rings seen on the surface 
mark true segments The mouth is overarched by a small lobe called 
the prostoramm, and the food canal teiminates at the blunt posterior 
end. The skin is co\eied by a thin transparent cuticle, traversed by 
two sets of fine lines, which bieak up the light and produce a slight 
iridescence On a region extending from the 31st to the 38th ring, 
the skin of mature worms is swollen and glandulai, foiming the 
clitellum or saddle, which helps the worms as they unite in pairs, and 
also forms the slimy stuff which hardens into cocoons. The middle 
line of the back is marked by a special redness of the skin. On the 
sides and ventral surface we feel and see four rows of tiny bristles or 
setse, which project from little sacs, aie worked by muscles, and assist 
m locomotion. These bristles are fixed like pins into the giound, at 
times so firmly that even a bird finds it difficult to pull the worm 
from its hole. As each of the four longitudinal rows is double, there 
are obviously eight bristles to each ring. On the skin of the ventral 
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surface there are not a few special apertures, which should be looked 
for on a full-giown worm ; but careful examination of several specimens 
IS usually necessary Almost always plain on the 15th iing are the 
two swollen lips of the male ducts, " 


less distinct on the 14th are the 
apertiues of the oviducts through 
w'hich the eggs pass, while on each 
side, between segments 9 and 10, 
10 and II, are the openings of two 
receptacula seminis or spermathectie 
into which male elements from 
anothei earthworm pass, and from 
which they again pass out to fertilise 
the eggs of the earthworm w^hen 
these are laid. Each segment 
contains a pair of excretory tubes, 
which have minute ventral-lateral 
apertures, while on the middle line 
of the back, between the rings, 
there are minute pores, thiough 
which fluid from the body cavity 
may exude on to the skin. 



Fig. III. — Anterior region of 
earth w’orm. — After Hering 


Skin and bristles. — The ^ segment 

, . - j , A i., Spots beVtteen q-io, 10- ii, 

thin cuticle is produced by indicate openings of receptacula 

the cells which lie beneath, 

and is perforated by the aper- deferentia on segment 15. 

tures previously mentioned. 

The epidermis clothing the worm is a single layer of cells, 
of which most are simply supporting or covering elements, 
while many are slightly modified, as glandular or mucous 
cells, and as nervous cells. As the latter are connected 
with afferent fibres which enter the nerve-cord, the skin is 
diffusely sensitive. In a few species the skin is slightly 
phosphorescent. The chitinous bristles, which are longest 
on the genital segments, are much curved, and lie in small 
sacs of the skin, in which they can be replaced after 
breakage. 

Muscular system and body cavity. — The earthworm 
moves by the contraction of muscle cells, which are 
arranged in circular hoops and longitudinal bands under- 
neath the skin. The special muscles above the mouth 
and pharynx have considerable powers of grasping, while 
less obvious muscular elements occur in the wall of the 
gut, in the partitions which run internally between the 
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segments, and on the outermost portions of the excretory 
tubes. 

Unlike the leech, the earthworm has a very distinct body 
cavity, through the middle of which the gut extends, and 
across which run the partitions or septa incompletely 
separating successive segments In this cavity there is 
some fluid with cellular elements, of which the most 
numerous are yellow cells detached from the walls of the 
gut Possible communications with the exterior are by 
the dorsal pores, and also by the excretory tubes, which 
open internally into the cavities of the segments. 

Nervous system. — Along the middle ventral line lies a 
chain of nerve-centres or ganglia, really double from first 
to last, but compactly united into what to unaided eyes 
seems a single cord. As the segments are very short, the 
limits of the successive pairs of ganglia are not very evident, 
especially in the anterior region, but they are plain enough 
on a small portion of the cord examined with the micro- 
scope, when it may also be seen that each of the pairs of 
ganglia gives off nerves to the walls of the body Anteriorly, 
just behind the mouth, the halves of the cord diverge and 
ascend, forming a ring round the pharynx. They unite 
above m two dorsal or cerebral ganglia, which are situated 
in the peristomium or first ring, and not, as in Polych^etes, 
in the prostommm. These form the earthworm^s ‘‘brain,” 
and give off nerves to the adjacent pre-oral lobe or pro- 
stomium, on which are numerous sensitive cells These, 
coming in contact with many things, doubtless receive 
impressions, which are transmitted by the associated nerves 
to the “ brain.” As Mr. Darwun observed that earthworms 
seized hold of leaves in the most expeditious fashion, taking 
the sharp twin leaves of the Scotch fir by their united base, 
we may credit the earthw^orms with some powder of profiting 
by experience; moreover, as they deal deftly with leaves 
of which they have no previous experience, we may even 
grant them a modicum of intelligence. From the nerve- 
collar uniting the dorsal ganglia with the first pair on the 
ventral cord, nerves are given off to the pharynx and gut, 
forming what is called a “visceral system.” The earth- 
worm has no special sense organs, but there are abundant 
sensitive cells, especially on the head end. By them the 
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animal is made aware of the differences between light and 
darkness, and of the approaching tread of human feet, not 
to speak of the hostile advances of a hungry blackbird. 
The sense of smell is also developed. The afferent or 
sensory nerve fibres from the nervous cells of the skin enter 
the nerve-cord and bifurcate into longitudinal branches, 
which end freely in the nearest ganglia. In this the earth- 
worm’s nervous system suggests that of Vertebrates. 

The nerve cells, instead of being confined to special centres or 
ganglia, as they are in Arthropods, also occur diffusely along with the 
nerve fibres throughout the course of the cord. Along the dorsal 
surface of the nerve-cord there run three peculiar tubular “giant 
fibres,” with firm walls and clear contents. They are probably 
comparable to the medullated nerve fibres of Vertebrates. 

Alimentary system. — Earthworms eat the soil for the sake 
of the plant debris which it may contain, and also because 
one of the modes of burrowing involves swallowing the 
earth. In eating they are greatly helped by the muscular 
nature of the pharynx ^ from it the soil passes down the 
gullet or cesophagus, first into a swollen crop, then into a 
strong-walled grinding gizzard, and finally through a long 
digestive and absorptive stomach-intestine There are 
three pairs of oesophageal glands. Canals from the posterior 
two pairs open into the anterior pair, and thus into the 
gullet Their contents are limy, and perhaps counteract 
the acidity of the decaying vegetable matter. It may be 
that they are in part excretory; or it may be that they 
serve to fix some of the carbon dioxide formed by the 
animal. The long intestine has its internal surface 
increased by a dorsal fold, which projects inwards along 
the whole length. In this “ typhlosole,” and over the outer 
surface of the gut, there are crowded yellow cells. 

There is no warrant for calling the yellow cells hepatic or digestive. 
Structurally they are pigmented cells of the peritoneal epithelium, which 
here, as in most other animals, lines the body cavity and covers the 
gut. As to their function, they absorb particles fiom the intestine, 
and go free into the body cavity, whence, as they break up, their 
debris may pass out by the excretory tubes. When a worm has been 
made to eat powdered carmine, the passage of these useless particles 
from gut to yellow cells, from yellow cells to body cavity, and thence 
out by the excretory tubes, can be traced. The amoeboid cells of the 
body cavity fluid act as phagocytes. Vanous ferments have been 
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detected in the gut, a diastatic ferment turning the starchy food into 
sugars, and others — peptic and tiyptic — ^not less impoitant. The wall 
of the stomach -intestine from without inw^aids, as may be traced in 
sections, is made up of pigmented peiitonemn, muscles, capillaries, 
and an inteinal ciliated epithelium In the other parts of the gut the 
innermost lining is not ciliated, but co\eied with a cuticle. 

Vascular system. — The fluid of the blood is coloured 
red with haemoglobin, and contains small corpuscles. Along 



Fig 1 1 2.— Transverse section of earthworm. 

A , Cuticle, B., epidermi'., C Af , circular muscles, L M, longitudinal 
muscles; Z? , a seta , C, coelom, VC, yellow cells; typhlosole , 
y r, supra-neural blood vessel, S /’, sub-neural vessel, D F , dorsal 
\ essel , B peritoneum , cavity of gut , G , endodermic lining of gut , 
, part of a nephndium , B , opening of a nephridmm , / , the nerve- 
cord , / , a nerve given off. A'., giant fibres in the nerve-cord 


the median dorsal line of the gut a prominent blood vessel 
extends, another (supra-neural) runs along the upper surface 
of the nerve-cord, another (infra-neural) along the under 
surface, while two small latero-neurals pass along each side 
of this same cord. All these longitudinal vessels, of which 
the first three are most important, are parallel with one 
another , the first three meet in an anterior network on the 
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pharynx ; the dorsal and the supra-neural are linked together 
in the region of the gullet by five or six pairs of contractile 
vessels or ‘‘ hearts ” 

Respiration is effected by the distribution of blood on 
the general surface of the skin 

Excretory system.— There is a pair of nephridia in each 
segment except the first four. Each opens internally into 
the segment in front of that on which its other end opens 
to the exterior. They remove little particles from the body 
cavity, and get finer waste products from the associated 
blood vessels Nephridia occur m many animals, in most 
young Vertebrates as well as among Invertebrates, but they 
are never seen more clearly than in the earthworm. When 
a nephndium is carefully removed, along with a part of 
the septum through which it passes, and examined under 
the microscope, the following three parts are seen: — 
{a) An internal ciliated funnel , (l^) a trebly coiled ciliated 
tube, at first transparent, then glandular and granular ; and 
{c) a muscular duct opening to the exterior. Minute par- 
ticles swept into the ciliated funnel pass dow n the ciliated 
coils of the tube, and out by the muscular part which opens 
just outside of the ventral bristles. The coiled tube con- 
sists in part at least of a senes of intracellular cavities, that 
is to say, it runs through the middle of the cells which 
compose it ; the external muscular portion arises from an 
invagination of skin. 

Reproductive system. — Like all Oligochcetes, the earth- 
worm is hermaphrodite and the organs complex. The 
complexity is produced by the specialisation of certain of 
the nephridia to form genital ducts and accessory organs 
and by the presence of chambers (seminal vesicles) con- 
nected with the testes, formed by the shutting off of portions 
of the body cavity. 

The organs in the earthworm are difficult to dissect, and 
differ considerably in old and young specimens. 

{a) The Male Organs consist of two pairs of testes, three 
pairs of seminal vesicles, and paired vasa deferentia. 

(i) The testes, flattened lobed bodies, about in. in size, 
arise from proliferations of the peritoneal lining of the body 
cavity, and are invested by a delicate membrane derived 
therefrom j they lie near the nerve-cord, attached to the 
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posterior surfaces of the septa between segments 9-10 and 
lo-ir. They are minute, translucent, and difficult to see. 
In immature worms they he exposed in the body cavity , m 
mature worms they are concealed by the great development 
of the seminal vesicles. 

(2) The seminal vesicles are much-lobed structures, 
exceedingly prominent in dissection. Small and laterally 
placed in young worms, in the adult the anterior two 



Fig. 1 1 3. — Reproductive organs of earthworm. — 
After Hermg- 

N f Nerve cord, T, antenor testes; S, sacs of sets, R S., 
receptacula semims, s/ , seminal funnels ,vd, vas deferens , 
ovd , oviduct , ffi ’ , ovary ; , seminal vesicles cut open , 

VJll -JCy , segments 


pairs fuse in the middle line and cover the anterior pair 
of testes and its ducts, while the posterior pair similarly 
conceals the second pair of testes with its ducts. Into the 
seminal vesicles mother sperm cells from the testes pass, 
and there divide up to form spermatozoa. 

Development shows that the seminal vesicles arise as 
outgrowths of the septa of segments 9-12, and that their 
lumen is a portion of the body cavity. This is of importance, 



EARTHWORM. 


219 


for in Polychsetes the genital products mature in the general 
body cavity, just as the spermatozoa in the earthworm 
mature in the seminal vesicles 

(3) Prom the seminal vesicles the spermatozoa are carried 
to the exterior by means of the vasa deferentia. The in- 
ternal openings of these are large and funnel-shaped, and 
are concealed by the seminal vesicles. Each of the four 
funnels opens into a duct, and the two ducts unite at each 
side to form the two elongated vasa deferentia, which pass 
backwards to open externally on the 15th segment. 

(b) The Fe 7 ?iale Organs consist of two ovaries and two 
oviducts, each of which has a side receptacle for the eggs. 

(1) The two ovaries are small bodies situated near the 
nerve-cord on the septum between segments 12-13. Each 
is pear-shaped, the stalk of the pear being a string of ripe 
ova They are more readily seen than the testes. 

(2) The two oviducts open internally on the anterior 
face of the septum between 13-14, and externally on the 
ventral surface of segment 14. Into the wide ciliated in- 
ternal mouths, which he opposite the ovaries, the ripe eggs 
pass 

(3) The egg-sac or receptaculum ovorum, near the internal 
mouth of each oviduct, is a posterior diverticulum of the 
septum between segments 13-14. Within it a few mature 
ova are stored. 

(^) Two pairs of receptacula seminis or spermathecae 
receive spermatozoa from another earthworm, and liberate 
them to fertilise the eggs of this one. They are white 
globular sacs, opening in the grooves between segments 
9-10 and lo-ii, and probably, like the genital ducts, arise 
from modified nephridia. According to some, these sper- 
mathecse not only receive and store spermatozoa, but make 
them into packets or sperraatophores. Others say that the 
glands of the clitellum make these packets At any rate, 
minute thread-like packets of spermatozoa are formed, and 
a pair of them may often be seen adhering to the skin of 
the earthworm about the saddle region. 

When two worms unite sexually, they lie apposed in 
opposite directions, the head of the one towards the tail of 
the other. What happens is that the spermatozoa of the 
one pass into the receptacula of the other. 
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When the eggs of an earth- 
worm are liberated, they are 
surrounded by a sheath of 
gelatinous stuff, believed to 
be secreted by the saddle. 
As this IS peeled olf towards 
the head, spermatophores are 
also enclosed. 

Development — Many 
cocoons aie made about the same 
time, and each contains numerous 
ova, and also packets of sperms, 
so that fertilisation takes place 
outside the body. These cocoons 
are buried in the earth a few 
inches below the surface. They 
measure about a quarter of an inch 
in length 

The favourite time for egg- 
laying IS during the spnng and 
summer, though it may be con- 
tinued thioughout the whole yeai 
The earthworm of the dungheap 
[L, fcttidus) makes this a habit, 
induced probably by the warmth 
of its environment 
Of the many ova in the cocoon 
of Z. ierrestns^ only one comes 
to matuiity, while m Z. fa'tidus a 
few, and in Z. tommums two may 
doj so. But in the last species 

Fig. 1 14 — Stages in the develop- 
ment of earthwoim. — After 
Wilson. 

T Two-celled stage , ^ ir , polar bodies 

2 Blastula ; M , z. primary mesoblast 

3 Gastrula stage , £c , ectoderm or 

epiblast ; Rn , endoderm or hypo- 
blast, in process of being covered 
by the small ectoderm cells Note 
the widely open blastopore , M , 
mesoblast cells 

4 Longitudinal section in late gastrula 

stage, showing germ -bands, ec ^ 
ectoderm; en ^ endoderm, M,^ 
mouth , st , stomodaeum , m , 
primary mesoblasts , Nb , neuro- 
blasts ; nc , nerve-cord ; P , ne- 
phiidioblasts ; ms , mesoderm 
bands , , incipient iiephndia. 
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the two embijos are often twins formed from one ovum* reparation 
taking place at the gastrula stage. 

'Hie whole piocess of growth, until lea\ing the egg, lasts from two 
to three weeks, the time varying, however, with the temperature 

The o\ um is surrounded by a vitelline membrane, and is laden wdth 
yolk granules. Segmentation is slightly unequal (Fig. 114 (i)), and 
exhibits considerable vaiiation even within the limits of a species. 

In about twenty- four houis a nearh spherical, one-layeied blasto- 
^heie or blastula is formed. It consists of only about thirteen cells. 
During the next tw’enty-four hours the cells increase in number rapidH, 
but the blastula remains one-layered. Two cells Iving together do not 
take part m this division ; they are rathei larger than the rest, and their 
mnei ends project into the cavity, and are soon cut off as daughter-cells. 
Gradually the large cells still undergoing division begin to sink m, and 
at last are quite included in the ca\ity (Fig 1 14 (2)) Thus there arise 
two parallel lows of cells withm the blastula, and these define the 
longitudinal axis of the embryo. This is the beginning of the mesoblast 
which forms all the muscles of the trunk, and which thus takes origin 
from two primary mesoblasts. 

After fit to six pairs of secondary mesoblasts have been formed, the 
blastula begins to flatten, and to elongate, becoming an o\ al disc The 
cells of the lower surface become. clearer, and the hypoblast is thus 
defined. The cells of the upper suiface are smaller, and become verv 
much flattened ; they compose the epiblast. The mesoblasts he side 
by side near one end, forming two rows extending forw^ards and down- 
wards, but divergent, because of the flattening of the blastula. The 
hypoblast now becomes concave, and thus the blastopoie arises, 
occupying the whole of the lower surface (Fig 114 (3)). The sides close 
in and the blastopore becomes a slit, which further closes from behind 
forwards, leaving only a small opening — the future mouth. During 
these processes the cells at the anterior tip of the blastopore, which 
will give rise to the pre-oral lobe, undergo no change, but the mesoblast 
has been active. 

As gastrulation proceeds, the mesoblast rows grow forwards and 
upw^ards, until they come near each other above the anterior tip of the 
blastopore, while their middle portions are earned downwards until they 
lie on the ventral surface. Over them the epiblast is thickened in two 
bands. Two longitudinal rows of epiblast cells near the an tenor end, 
and ending behind in large cells, sink in just as the primary mesoblasts 
did. The thickening now extends \ entrally until the two bands meet 
and, passing into the blastopore, form the stomodeeum. Even before 
this the embryo has begun to swallow the albumen m which it floats. 

There are now two lateral bands of cells called the geim bands, 
composed of tnree layers (Fig 114 (4)) ; outside is the thickened epi- 
blast, next the rows of cells which sank in, and innermost the meso- 
blast rows The mesoblast rows have met in the middle line by 
dividing and widening out into a pair of flattened plates, but they still 
end behind m the two primary mesoblasts. Coelomic cavities develop 
in the plates, and the anterior ends meet above the mouth. The 
epiblastic rows which sank in (there were eight of them, four on each 
side of the median Ime, and each ending in a large mother-cell) go on 
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growing The mother-cells are apparently earned backwards as the 
embryo lengthens, leaving a trail of daiightei -cells behind them The 
cells so formed also di\ide, the embr}'-o rapidly lengthening and finally 
becoming vermiform. Of the eight rows the innermost on each side 
(neuroblasts) give use to the nervous system, the ne\t two lows on 
eithei side (nephridioblasts) form parts of the nephridia (Fig 114 (4)), 
while of the fourth row nothing definite is known Each row, ending 
behind in a single cell, widens out and deepens as it is traced forwaids 
The neural and mesoblastic rows can be tiaced round the mouth, and 
help to form the prostomium , the others fade away at the sides of the 
stomodeeum 

Let us sum up this complex history — 


Fertilised 

ovum 


Blastosphere 

or 

blastula. 


I Two-la>ered 
I gastrula 
I with primitive 
I mesoblabtij 


Epiblast 

or 

ectoderm 


f (^z) The original outer Ia>er 
becomes the epidermis 
{U) The secondary inner stiat- 
um consists of neuroblasts 
which form the nervous 
system, of nephridioblasts 
which form parts of the 
nephridia, and of lateral 
cells of unknown function 


Mesoblast 
. or , 

mesoderm 
formed from - 
the division of I 
the primitive 
‘ mesoblasts ’’ 


Muscle 
Blood vessels 
Inner parts of nephridia 
Reproductive organs 


Hypoblast ^Lining of 

Sndoderm ^ 


Type of P0LYCH.ETA. The Lob-worm {Are?ncola 
marina) 

Habits. — On the flat sandy beach uncovered at low tide, 
the castings ” of the lob-worm or lug-worm are very 
numerous. There the fishermen seek the w^orms for bait, 
and have to dig quickly, for the burrowers retreat one to 
two feet into the sand. The burrows are curved tubes, 
lined by a yellowish green secretion from the animal’s 
epidermis, and the surrounding sand is often discoloured by 
some change which the secretion effects on the iron oxides 
and other constituents. The tubes are at first vertical, 
afterwards oblique or horizontal, and then turn vertically 
upwards again. 

The lob-worm burrows like the earthworm, not only 
forcing the anterior part of its body onwards, but eating the 
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sand for the sake of the organic particles and small organisms 
which It contains. The sandy castings, which pass from 
the end of the food canal, and are got rid of at the mouth 
of the tube, fall into spiral coils. It has been calculated 
that in a year the average volume of sand per acre thus 
brought up in castings is about 1900 tons, representing a 
layer of 13 in. spread out over the surface. This work, 
comparable to that of earthworms, tends to cleanse the sand 
and to reduce it to a finer powder. When getting rid of the 
casting, the worm lies with its tail upwards and its head 
downwards, or with its body bent like a bow, when the 
tide comes in, the mouth may protrude at the other end of 
the U-shaped tube. The worms that live between tide- 
marks seem to differ in many respects (as to colour, gills. 



Fig 115 — Arenuola marma. 

Entire animal viewed slightlj from left side Note anterior mouth ; 
hetae on anterior region , setae and gills on median region ; 
thinner tail region often longer than shown 


habits, and sexual maturity) from those which occur in the 
Laminarian zone, which is only uncovered at low spring-tides. 

External appearance. — The lob-worm varies in length 
from 8 to 16 inches, and at its thickest part is about 
half an inch in diameter. There are three regions in the 
body : (a) The anterior seven segments, of which all but 
the first have bristles; (^) the middle region of thirteen 
segments, with both gills and bristles; (c) the thinner 
posterior part of variable length, without either gills or 
bristles, and with an inconstant number of segments (up 
to about thirty). In the very front there is a head-lobe or 
prostomium, but there are no tentacles or eyes. Anteriorly 
a soft proboscis is often protruded from the gut. The 
anus is terminal 
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Skin, muscles, and appendages — Each segment is 
marked by about four superficial rings. The epidermis 
IS pigmented and secretes mucus, and is divided into 
numerous polygonal areas, separated by shallow grooves 
Beneath the epidermis is a sheath of circular muscles, and 
then a layer of longitudinal muscles Besides these there 
are (from the middle of the gullet to the beginning of the 
tail) thin oblique muscles arising from the sides of the 
nerve*cord, and dividing the body cavity longitudinally into 
a central and two lateral compartments Other muscles 
control the prostomium, the proboscis, and the bristles. 
Unlike many of the marine Annelids, Arenicola has very 
rudimentary appendages. This reduction of appendages 
must be associated with the animaFs mode of life; it 
occurs also in many tube-inhabiting worms. Neither the 
prostomium nor the first segment show any trace of 
appendages, but the next nineteen have rudiments. The 
dorsal part (notopodial) consists of a tuft of bristles, whose 
bases are enclosed in a sac ; — the ventral part (neuropodial), 
separated by a short interval, bears several hooks. 

Nervous system. — This is in its general features like 
that of the earthworm, but ganglia are 
not developed. In the ventral nerve- 
cord, the ring round the gullet, and 
the slight cerebral enlargement which 
represents a brain, nerve cells occur 
diffusely scattered among the nerve 
fibres. Along the dorsal surface of the 
nerve-cord, in the branchial region, 
,, ^ . there are two “giant fibres” like those 

part of nervous svs- ^he earthworm , anteriorly and 
tern in Areiutola— posteriorly there is only one. 

After Vogt and Yung 

c , Cerebral part on dorsal The prostomial lobes are diffusely sensory, 
surface , tr r , oesoph- and bear al&o two ciliated, probably olfactory, 
a^eal nerv^e’ — the “ nuchal organs ’’ Otherwise sense 

?ord'';//,lSral nerves organs are represented only by a pan of oto- 
ot , utoc>st cyst sacs (Fig ii6), one on each side of the 

oesophageal nerve-rmg These sacs, like those 
which occur in many olhei Invertebrates, seem to have to do rather with 
the diiection of the animars movements than with hearing Professor 
Ehlers notes an interesting senes. In A claparedjt there aie simply 
two open giuoxes , in A manna the sacs have open necks, and contain 
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foreign pai tides , in A giubiz and A anitllensts the sacs aie closed, 
and contain mtimsic otoliths of lime. 



Fig. 1 17 — Dissection of lob- worm from dorsal surface. 

Opening of retracted buccal cavity, i gullet; gi.., diverticula 
on first diaphragm, cesophageal glands, d, dorsal blood 
vessels ; eE j first efferent branchial , g , stomach intestine , # , 
sivth nephndium , , thirteenth efferent branchial ; , 

thirteenth afferent branchial , « , anus , , first afferent 

branchial, heart of left side 
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Food canal. — (i) The buccal cavity is protrusible as a 
“proboscis” or introvert, which grips the sand, and bears 
internal papillae with chitinous tips. The protrusion is due 
to the pressure of the coelomic fluid, while special muscles 
bring about retraction. (2) The gullet has smooth walls, 
and bears a posterior pair of glands, which secrete a 
yellowish fluid, probably digestive. (3) The gastric region, 
from the heart to the twelfth or thirteenth notopodium, is 
covered with yellow cells and many blood vessels, and has a 



Fig 1 18- — Cross-section oi Aiemtola . — After Cosmovici. 

E , Epidermis , w , circular muscles , / w , longitudinal muscles , 
b c j body ca\ ity , , gill ; jr , setae , n p , nephndial pore , 

a b7- , afferent branchial , e hr ^ efferent branchial , n , ventral 
ner\e-cordj with blood \essels above, d-v ^ doisal vessel, Iv , 
lateial vessel ^ s : zf , sub intestinal vessels , v v ^ ventral vessel , 
ir , gut 


median-ventral ciliated groove. (4) The intestinal region is 
much folded, “m a concertina-like manner,” by the caudal 
septa, and ps full of sand, from which the nutritive matter 
has been absorbed. The anus is at the very end. 

Body cavity. — This is spacious, except m the tail 
region, and contains a viscous coelomic fluid. Anteriorly 
there are three transverse, partly muscular, septa or 
diaphragms which moor the gullet. The first of these 
diaphragms bears a pair of small pouches. Behind the 
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third diaphragm the gut swings freely until the beginning 
of the tail region, in which theie are many septa 

"Vascular system. — The blood has a hiight led colour, and is rich 
in haemoglobin It floiv s m a \ ery elaboiato s\atem of bl< »d vessels, m 
regard to the details of which theie 1^ still some imceitainti. There is 
along the whole mid dorsal line of the gut a contractile dorsal \esse], 
which carries blood fo} -wards from the seven posteiior gills, etc' 
Connected \uth this by capillanes, there is below the gut an equally 
long, feebly contractile ventral \essel, which carries blood backwards 
to gills, nephridia, etc. Around the gastric region of the gut there is an 
elaborate plexus of blood vessels, which communicate by two lateral 
vessels with the paired heait. There aie also two sub-intestmal vessels 
betw'een the ventral vessel and the gut ; these lead thiough the plexus 
into the lateral gastric vessels, and thus into the hearts These organs 
he just behind the resophageal glands, and consist on each side— (a) of 
a thin-w^alled auncle, an expansion of the lateral gastric \essel , and {i>) 
of a muscular \entricle, which dn\cs the blood into the ventral vessel. 
Like the sub-mtestinals, the dorsal \es'.el communicates wuth the heart 
only mdirectl) through the gastric ple.xus. The ventricle contains a 
spongy ‘‘cardiac body/’ which probably pi events regurgitation from the 
ventral vessel 

From the ventral xessel arise affeicnt bianchial vessels to gills, 
nephridia, etc Fiom the se\en postenor gills efferent branches enter 
the dorsal vessel ; while those from the six antenoi gills join the sub- 
intestmals Each efferent \ essel gives off a branch to the skin, while 
the dorsal and sub-intestmal vessels give off" numerous blanches to the 
gastric plexus on the gut. 

Respiratory system. — There are thirteen pairs of gills, 
on the seventh to the nineteenth bristle-bearing segments. 
Each IS a tuft of hollow thread-like branches, through the 
thin walls of which the red blood shines. The afferent 
branches to the gills all come from the ventral vessel ; the 
first six efferent vessels from the gills open into the sub- 
intestinals ; the posterior seven open into the dorsal vessel 
As the papilte on the proboscis are hollow and contain 
vessels, they are doubtless of respiratory significance. 
Indeed, the gills may be regarded as exaggerated papillae 

Excretory and reproductive systems.— In the anterior 
region, in segments 4-9, there are six pairs of nephridia, 
of ‘Which the foremost seems in process of degeneration. 
Each consists of three parts — a funnel opening into the 
body cavity, a glandular portion, and a bladder com- 
municating with the exterior. 

The sexes are separate and similar. The reproductive 
organs are very simple, and arise by proliferation of the 
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peritoneal membrane beside the blood vessels supplying 
the funnels of the nephndia The reproductive cells are 
liberated into the body cavity, and there matured. They 
pass out by the nephndia, and may be temporarily stored 
in the bladder portions of all but the first. Little is known 
in regard to the development, beyond the fact that the 
young are for a time free-swimming pelagic forms. 

Development of Polychaeta. — As an example of the development 
of the marine Chcetopods, we may take Eupomatus^ which has been 
investigated by Hatschek. Here segmentation is complete, but some- 
what unequal, and results m the formation of a blastula, with its upper 
hemispheie composed of small (ectodermic) cells, and the lower of large 
(endodermic) cells Among these latter are two spherical cells — the 
primitive inesoblasts. Invagination takes place in the usual way to 
form a gastnila ; the piimitive mesoblasts divide and form mesoblastic 
bands Dunng these piocesses the external foim has altered con- 
siderably The apical (aboral) region of the gastrula becomes tilted 
forward, an ectodermic in\ agination arises posteriorly, and, uniting with 
the archenteron, produces hind-gut and anus, while a similar insinkmg 
anteriorly, in the region of the blastopore, forms fore-gut and mouth. 
The larval gut so formed has a distinct ventral curve Cilia appear on 
the surface at an early stage, and now form a distinct pre-oral ring, and 
also a less constant post-oral ring At the apex of the pre-oral region 
an ectodermic thickening takes place; this gives use to an apical 
ganglion, with which sensory structures are often associated. The 
mesodermic bands give rise to muscle cells, used in swimming, and also 
to the “ head kidne}s” — a pair of larval excretory tubes The laiva so 
formed is a typical Trochospheie, such as occurs in the great majority of 
Polychcieta, m a more or less modified guise in many other worm-types, 
and also in Molluscs. Its chief characters are the following — 

(1) There is a prominent pre-oral region, wnth an apical ganglion and 
a ring of cilia 

(2) The gut has a distinct ventral cur\e, and a threefold origin. 

(3) The larxal body cavity is simply the persistent segmentation 
cavity, and m it posteriorly he the pnmitive mesoblasts 

The Trochosphere is a free-swumming pelagic larva, which, among 
worms, corresponds largely to the future head region of the adult. Its 
metamorphosis into the adult probably takes place in the most primitive 
fashion in the little w'orm Polygordius, We shall therefore follow it 
there (Fig 119) 

In the larva, which is a typical Trochosphere, the first sign of 
segmentation appears in the bands of mesoblast These become divided 
into successive segments, w^hile at the same time the posterior region of 
the larva elongates greatly, cany mg the larval gut backwards with it. 
^Meanwhile a cavity appears in each of the mesoblastic segments. 
These cavities, taken together, form the adult body cavity ; the outer 
and inner walls foim the somatic and splanchnic layers, the posterior 
and antenor walls of adjacent segments fuse to form the septa of the 
adult worm ; the inner (splanchnic) walls of the primitive segments on 





Fig 1 19 —Development of Polygordius —After Fraipont 
, Mother sperm cell ; , c , sperm morulae; d ^ spermatozoa. 

Ovum with large nucleus ; 2 two-cell stage ; 3 four-cell stage , 4 blastosphere , 
5 gastrula ; ac , archenteron , 6 closure of gastrula mouth or blastopore 
7 formation of stomodmum {st.\ and proctodeum (/r.), which mvaginate to meet 
archenteron («^r.) , 8 complete gut formed, 9. elongation of larva; afi sfi , 
apical spot , cil , ciliated ring ; nep 7 t , pnmitive nephridia ; 10 formation of 
postenor segments ; it. form of adult Poly^ordius 
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each side fuse above and below the gut to form the doisal and ventral 
suppoiting mesenteiies of the gut. The head region is at first dispro- 
poitionately large, but later, by an independent process of growth, 
becomes reduced. The larva abandons its pelagic life, and becomes 
adult. 

Comparing the development of Polychc-eta wuth this, we find that the 
Trochosphere is often modified, and that segmentation tends constantly 
to appeal at an earlier stage As a fuithei step in the same diiection, 
we may note that in some Polychseta the Tiochosphere stage is no 
longer recognisable as such 


General Survey of the Class Ch^topoda 

I. Oligochaeta. — The general characters may be gathered from 
the descnption of the earthworm, but it is to be noticed that the earth- 
w'orms are specialised forms, and that the fresh-water Oligochsetes are 
of much Simplex structure. The most essential distinction from the 
Polychffita is to be found in the complex repioductive oigans The 
absence of gills, though general, is not universal, for a few fresh- water 
forms, such as Dero and Bra/ichuraj possess gills of simple structure, 
while the West African Alma mlotzca has more complex branched 
retractile gills. Among other chaiacters may be noticed the tendency 
to variation in the structure of the excietory system In all, with the 
exception of AEoIosoma, certain of the nephridia are modified to serve 
as genital ducts, while in the Megascolicidse the nephridia tend to be 
reduced to a mass of minute tubules ramifying over the inner suiface 
of the body wall. In general the Oligochcetes, however, show more 
uniformity of stuicture than then marine allies 

They may be divided into tw^o mam gioups--(i) the Micioduli, 
and (2) the Megadrili. The fiist group includes the small aquatic 
forms ; of these most familiar are Tubifex riviiloriim, often found 
in the mud of brooks, and the species of Nais, remaikable for their 
power of asexual budding. Some Microdnli live betw^'cen tide-marks 
The leech-hke BrancJuobdeUa, which is parasitic on the gills of the 
fresh-water crayfish, is a somewhat abeirant member of the group. 
The Jvlegadrili include the larger Oligochsetes, mostly living in earth, 
and commonly designated as “ earthworms.” The largest form is a 
Tasmanian species [Megascohdes gippslandtcits)^ measuring about 6 ft 
m length. 

II. Polychaeta — As contrasted with the more or less subterranean 
eaith- and mud-worms, the marine Polychaeta have a richei develop- 
ment of external structures and a nioie complex life history The 
external appearance is greatly modified by the relative degiee of 
development of the parapodia, which aie lateral outgiowThs typically 
fimctioning as walking “legs,’ or as swumming organs A paia- 
podium, when fully developed, is divisible into a v^entral neuropodium 
and a dorsal notopodium Each of these is bilobed, bears a tactile 
process 01 cirrus, and is fringed with firm bristles or setse Within the 
substance of each lobe is embedded a stout needle-shaped “ aciculum,” 
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which functions as an internal skeleton^ both by giving support and b} 
serving as an attachment for muscles, \\ith the notopodmm, further, 
tiue gills containing pi elongations of the body cavity are often associ- 
ated Such^ typical parapodia occur especiall} m the active free-h\mg 
forms like Nereis and its allies, but in the order in general the parapodia 
show much variation, and may be almost suppressed, as m Arenitola 
Parapodia are absent fiom the “ piostommm,” and are rareh full} 
developed on the fiist true segment 01 peristomiiun In both cases, 
howevei, tactile cirri and tentacles aie often piesent. The prostomium 
vanes greatly in development and structure, and is of gieat b\stematic 
importance ; it is fiequently furnished with ejes and other sense organs, 



4 


Pig. 120. — Paiapodium of Heteronereis ” of 
Neieis pelagiia. — After Ehlers 

I, 2, 3, 4, the leaf-hke outgrowths , A , notopodial cirrus , ^2 ^ 
neuropodial cirrus , , acicula or supporting bristles 

of notopodium and neuropodium , j. , setae 


but these may also occur in uthei legions of the body Apait from the 
parapodia, the shape and appearance of the body are most affected by 
the condition of the septa. In the active free-h\ing forms (Pirantia) 
these are usually present throughout the body, and gave a chaiacteristic 
worm-like appearance In burrowing and tubicolous forms (Sedentaria) 
the septa tend to be suppressed Their absence facilitates burrowing, 
by peimitting free movement of the ccelomic fluid, and is often associ- 
ated V ith a division of the body into regions, and a loss of the typical 
uniform shape (cf Aremcold). 

With regard to internal organs, the gut is frequently branched and of 
large calibre. In some cases (Capitellidce) it possesses an accessory 
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communicating tube (Nebendann), which is of mteiest, because it has 
been compaied to the notochord of Veitebiates. The nephndia 
function as genital ducts; the} are often reduced in numbei, and may, 
as in the common Lamce cojzchlega, be united by longitudinal ducts, 
which have been compared to the segmental ducts uniting the ejs-cietory 
tubes of young Veitebiates. They often bear solenocytes, which are 
compaiable to the flame-cells of Flat-woiras Though the sexes aie 
usually sepaiate, there area few heimaphiodite foims, and the aberrant 
Sternaspis, wheie the repioductive system recalls that of Ohgochsstes, 
IS an exception to the rule that the organs are simple There is a 



Fig. 12 1 . — Fiee-lning Polychaite {Nereis nilinjef’a) 

Note, as compared with Aiemtola, the absence of gills, and the 
•well-developed parapodia, which are absent from the peris- 
tomium ), oi first true segment The prostommm bears 

eyes (c.), the small tentacles {t\ and the large palps {p), 
the four paired cirn, borne by the peristomium , a , the anus, 
with two long cirri 


metamorphosis in development, and some mteiesting peculiarities occur 
m regard to reproduction. Thus several species of the common genus 
AVm, when sexually mature, have the body divided into two regions — 
a posterior region containing the ova or sperms, and an anterior 
unmodified asexual region. The posterior region is distinguished by 
the structure of its paiapodia, which become converted into broad, 
flattened swumming organs, and there is sexual diraoiphism Worms 
of this peculiar Upe were long described as a distinct genus under the 
name of “Heteronereis,” and even yet the subject is imperfectly 
understood, for there is fiom unknowm causes much variation as regards 
the extent of the modification. A complete change of habit at the spawm- 
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mg season is piobably common heie as elsew heie in maiine Invertebrates 
In the S}llidcn a phenomenon occurs similar to the foimation of a 
“ Heteronereis, ’’ but a piocess of fission may result m the division of 
the modified form into an anterior asexual zooid and a postenor sexual 
one. In Myriamda a long chain of sexual zooids is formed. In this 
way a regular alternation of sexual and asexual generations may arise 

Some Polych^eta dwell habitually within tubes, others aie at least at 
times active and fiee-living The latter have usually well-de\ doped 
paiapodia and sense organs, the antenoi pait of the gut may be 
furnished with strong jaws, the body is moie or less uniform, and the 
worms are carnivorous These foims are all included m the sub-01 der 
Neieidifoimia, which embiaces such familiai animals as the common 
sea-mouse [Aphrodite)^ with its mass of iridescent bristles covering the 
sides of the body, the species of Nereis and Nephihyi,^ so common 
under stones on the shore, and others equall} remarkable for beauty of 
colour. The bright colours may be due to the iiide^cent cuticle or to 
pigments There are a few tianspaient pelagic forms, e Tomopteris, 

The sedentary foims lead a sluggish life within vanous kinds of 
tubes — limy, sandy, papery, or gelatinous They aie not neaily 
related, but possess m common certain adaptive characteis, such as the 
aggregation of gills, cirri, tentacles, and sense oigans to the anterior 
exposed part of the body , the 1 eduction of the parapodia, often used 
solely foi clambering in the tube , the absence of ‘ ‘ jaw s, ’ and the 
habit of feeding on minute Algai or othei substances suspended in 
watei Among these are included Seipiila, which forms twisted limy 
tubes outside shells and othei manne objects ; the aberiant Sabellaiia^ 
w^hich often builds leefs of porous lock foimed of the aggregated sand} 
tubes; the common Teiebella or Lamie lonckilega^ with its tubes of 
glued sand particles , and the stiange phosphorescent CJmtopteim^ 
found in deep watei, wnthin its }ellow parchment-like tube. 

III. Edutiridse — In holes in the rocks on the warmer coasts of 
Em ope there li\es a curious ‘Svorm” — Bonelha viridis^ of a beautiful 
green colour, with a globular body, and a long, grooved, anteiioily 
forked, pie-oral protrusion Such, at least, is the female ; but the 
male is microscopic in size, lives in or on his mate, and is exceedingly 
degenerate His gut is w ithout mouth and anus, the surface is covered 
with cilia, and the body ca\ it} almost obliterated Related to Bonelha, 
but of less anomalous shape, aie a few other forms, like Thatassema 
and Eclmtriis, 

In all, the body m the adult show's mere traces of segmentation ; 
parapodia, cirri, and gills are absent, but, except m the degenerate 
males, a few setm are always present The most chaiacteiistic structure 
IS the elongated solid proboscis, which has the mouth at its base The 
nervous system consists of a gullet-ring and a ventral cord, but the latter 
IS unsegmented, and there is no biam. The gut is coiled, and bears a 
curious adjacent tube known as the “collateral intestine,"’ and a pair 
of excretory “anal vesicles,” opening from gut to body cavity, and 
formed in development from nephridia. The anus is terminal, there 
IS a closed vascular system, and one to four pairs of nephridia. The 
sexes are separate, the repioductive elements are formed on the walls 
of the body cavity, and are shed into it. 
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There is a metamorphosis in development, but the nature of the laiva 
differs markedly m the different genera In Eclnurus and Thalassema 
it bears a striking resemblance to a Tiochospheie. Thus theie is a 
well-developed pre-oral lobe with an apical sense organ, and pre-oral 
and post-oial bands of cilia “ Head kidneys ” or piovisional nephiidia 
occur, and the post-oral legion shows distinct segmentation, the 
segments being marked externally by lings of cilia As development 
proceeds, all trace of segmentation is lost In BoneUia the laiva shows 
no trace of segmentation, and is Turbellaiian-like , owing to a prematiiie 
arrest of development, the male remains at this level throughout life. 


Appendix (i) to Chcetopoda 

Primitive Forms. Archi-Ch^topoda or 
Archi-Annelida 

There are a few, small, simple, marine worms, with some Annelid oi 
Chcetopod characters, which are sometimes supposed to be ancestral 
forms. Thus Dinophihts is a minute Planarian-like animal found among 
Algm In the young at least the body is distinctly segmented, but 
there are no bristles, gills, or tentacles. There are one or two bands 
of cilia. The nervous s}stem consists of a biam and a vential ganglion- 
ated cord, but it remains m contact with the epideimis. 

More distinctly Annelid are the marine worms Polygordius^ Pioto- 
drzhis, Saccoarrzis, and Hisiriodnhis 

The small body is segmented and uniform , there are no setee, 
parapodia, cirri, or gills, but the head beais a few tentacles , the pre- 
oial region is small, and the segment around the mouth is large , the 
very simple nervous system is retained in the epideimis 

Polygordius (Fig 1 19 (i l)) is a thin w’orm, an inch or more in length, 
living at slight depths in sand or fine gravel, often along with the 
lancelet. It has two tentacles, a few external cilia about the mouth in 
a pair of head-pits, and sometimes on the body , it moves like a worm, 
but has no bristles It feeds like an earthworm, or sometimes moie 
discriminatingly on unicellular oigamsms. The females are usually 
larger than the males, and in some species bieak up at sexual matuiity. 
The development includes a metamoiphosis, and the larvm are 
ciliated, free-,w'imming, light-loving, surface animals, feeding on 
minute pelagic organisms, seeking the depths as age advances 
According to some, the larva lepresents a piimitive unsegmented 
ancestral Annelid, with medusoid afiimties , according to otheis, the 
larval chaiactenstics are adaptive to the mode of life, and without 
historic importance. 

Pjotodrihis is even smaller than Polygoidms^ with more cilia, mobile 
tentacles, and tuo fixing lobes on the posterior extiemity ; the move- 
ments are Turbellarian-like, the reproductive organs hermaphrodite, 
the development diiect. Histriodi ilns is paiasitic on the eggs of the 
lobster, and its affinities aie doubtful. 
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Appendix (2) /<? Ckieiopoda 

Parasitic and Degenerate Chsetopods. Myzostomata 

The lemarkable foims {^Alyzosioma) included m this small class, live 
parasitically on feather-stais, on which they form galK They aie 
regarded as divergent ofishoots from primitive Annelids, the larval foim 
showing some distinctly Chjetopod chaiacters The minute disc-like 
body IS unsegmented, and bears five pairs of paiapodia, each with a 
grappling hook, \Mth which four pans of suckeis usually alternate. 
Theie aie also abundant cirri The skm is thick, the bud> muscular, 
the neivous system is concentrated in a ganglionic mass, w hich encircles 
the gullet, and gives off abundant branches. There is a piotiusibie 
proboscis and a branched gut , the mouth and anus are ^ entral. The 
ova arise m the reduced body cavity, and pass by three meandering 
oviducts to the anal aperture The testes are paired, branched, and 
ventral, with associated ducts, which open anterioily on the side of 
the body 

The series are united, but there is marked protandry. The ver} 
young forms^ origmall} described as “dwarf males, ’ contain sperma- 
tozoa, and aie often cairied on the back of the mother , as they grow 
older they become heimaphiodite, and latei the power of foiming 
spermatozoa is lost and the animals become female. 

It must be allow^ed, ho\\e\ei, that all would not agiee with the above 
summaiy Thus Beard says : “ The various kinds of paiasitism 
pie&ented b) the numerous species of Myzostoma, have led m some 
cases to the pieserv^ation of the males, in others to their extinction, in 
} et otheis to their com ersion into heimaphiodites.” He distinguishes— 

I Purely dioecious forms w ith small males, e g. JI pulvinm . 

2. Hermaphrodite forms and true males, which lemain males, c.g. 
M glabritm 

3 Hermaphiodite foims and males, which, retaining their positions 
on the hermaphiodites, afterwards become female, e g. M. alatnm 

4. Heimaphiodite forms, in which the males have lost their dorsal 
position, and have either become extinct or con veiled into 
protandric heimaphrodites, eg JI. airtpemin 


Class Hirudinea or Discophora. Leeches 

This class includes forms in which the body is oval and 
flattened^ usually devoid of setcB or gills^ and marked ex- 
ternally by rings which are much ?nore nimierotis than the 
true segments. The body cavity is ?nuch reduced and broken 
up {except in Acanthobdeila), and may communicate indirectly 
with the well-developed vascular system. The nephndta are 
numerous and segmentally arranged There are usually two 
suckers, one at each end of the body, the a?iterior being formed 
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by the moitth. Almost all are herjiiaphrodite^ — the male 
organs are immerous and segmentally arranged^ and special 
genital ducts are present. The genital openmgs are median. 
The development is direct. Most live in fresh water or on 
land^ but a few are marine. 


Type, the Medicinal Leech {Hirudo medicinalis) 

Habits. — This is the commonest and most familiar of 
leeches, once so constantly used in the practice of medicine 
that leech became synonymous with physician. It lives in 
ponds and sluggish streams, and though not common in 
Britain, is abundant on the Continent, where leech farms, 
formerly of importance, are still to be seen. Leeches feed 
on the blood of fishes, frogs, and the like, and are still 
caught in the old fashion on the bare legs of the callous 
collector. As animals are naturally averse to blood-letting 
and hard to catch, leeches make the most of their 
opportunities. They gorge themselves with blood, and 
digest it slowly for many months, it may be, indeed, for 
a year. Watched in a glass jar, the leech is seen to move 
by alternately fixing and loosening its oral and posterior 
suckers, and, on some slight provocation, it will swim 
about actively and gracefully At times it casts off from 
its skin thin transparent shreds of cuticle, — a process 
which, in natural conditions, usually occurs after a heavy 
meal, when the animal, as if in indigestion, spasmodically 
contracts its body, or rubs itself on the stems of water- 
plants. Numerous eggs are laid together in cocoons in 
the damp earth near the edge of the pool. Thence, after 
a direct development, the young leeches emerge and make 
for the water 

External features. — The leech is usually from 2 to 6 inches 
in length, amd appears cylindrical or strap-like. according to its state 
of contraction The slimy body shows over one hundred skin-nngs ; 
its dorsal surface is beautifully marked with longitudinal pigmented 
bands while the ventral surface is mottled inegularly; the siictoiial 
mouth IS readily distinguished from the unpeifoiated hind sucker, above 
which, on the dorsal surface, the alimentaiy canal may be seen to end 
^ According to Whitman’s precise investigations, there are 102 skin- 
rings and 26 somites or true segments. The hind sucker is supposed 
to consist of 7 fused segments, making the total number 33. 
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These segments may be recognised externally by conspicuous 
pigment spots (“ segmental papillae’’), which in the middle legron of 
the bod} occur on e\er} fifth iing In t}pe, therefore, five rings 
correspond to a segment, but at either end of the body the number of 
rings is abbie\iated In the head region there is a pair of “e}es” 
on the 1st, 2nd, 3id, 5th, and Sth iings ; these are homologous with 
“segmental papilLn,” and therefore in this region eight rings corre- 
spond to five segments 

The penis is piotruded on the middle \entral line between iings 30 
and 31 ; the aperture of the female duct lies five rings farther back 
Also on the ventral surface there are seventeen pans of small lateral 
apertures, through which a w'hitish fluid may be squeezed — the openings 
of the excretory organs The skin of segments 9-1 1 is especially 
glandular, and forms the so-called chtelluin or saddle, the secretion 
of which forms the cocoon for the eggs 

Skin. — Most externally lies the cuticle — a product of the 
epidermis — periodically shed, as we have already noticed. 
In this shedding some of the genuine epidermis cells are 
also thrown off. These are somewhat hammerdike units, 
with the heads turned outwards, while the spaces between 
the thick handles contain pigment and the fine branches 
of blood vessels. As the latter come very near the surface, 
a respiratory absorption of oxygen and outward passage of 
carbon dioxide is readily effected. Opening between the 
epidermal elements, but really situated much deeper, are 
numerous long-necked, flask-shaped glandular cells, secret- 
ing the mucus so abundant on the skm. Underneath the 
epidermis there is much connective tissue, besides yellow 
and green, brown and black pigment 

Muscular system and body cavity. — The muscular 
system consists of spindle-shaped cells arranged externally 
in circular bands like the hoops of a barrel, internally 
in longitudinal strands like staves. Besides these there 
are numerous muscle bundles running diagonally through 
the body, or from dorsal to ventral surface, and there are 
other muscles associated with the lips, jaws, and pharynx. 
The body cavity, though distinct in the embryo, is almost 
obliterated in the adult leech, where the predominant con- 
nective tissue has filled up nearly every chink. 

Nervous system and sense organs, — The nervous system 
mainly consists of a pair of dorsal ganglia lying above the 
pharynx, and of a double nerve-cord, with twenty-three 
ganglia, lying along the middle ventral line. The dorsal (or 
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supra-cesophageal) ganglia are connected with the most 
anterior (or sub-oesophageal) pair on the ventral chain, by 
a narrow ner\ e-ring surrounding the beginning of the gut 
The sub-ccsophageal ganglia represent about five pairs of 
ganglia fused together From the dorsal ganglia nerves 
proceed to the ‘‘ eyes ” and anterior sense spots ; from the 
ventral centres the general body is innervated Special 



Fig. 123 —Transverve section of leech —After Bourne 

c , Cuticle , e , epidermis , cm, dermis and outer muscles (circular 
and oblique) , I m , longitudinal muscles (the peculiar connective 
tissue IS hardl> indicated), fm. radial muscles, lateral 
blood \essel; s , dorsal sinus, vs, ventral sinus enclosing 
nerve-cord (« ), ^, median part of crop, vith lateral pockets (J> ), 
t , testis nephndial funnels ,vd, vas deferens 

nerves from the dorsal ganglia supply the alimentary canal, 
forming what is called a visceral system. 

The sense organs of the leech are ten so-called eyes,” 
besides numerous sense spots usually occurring on every 
fifth skm-ring. The eyes are arranged round the edge of 
the mouth, and look like little black spots. Microscopic 
examination shows them to be definite cups, surrounded by 
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connective tissue with black pigment, and containing clear, 
strongly refracting cells, each in connection with a fibre of 
the optic nerve. 

It has been shown (Whitman) that the e)es of leeches are serially 
homologous uith the segmental sense organs At the one extreme 
there are purely tactile oigans, at the othei extieme theic are purely 
visual organs, and between these there aie 
compound sense organs, in pait tactile and 
in pait visual — a senes W'hich is full of 
suggestueness in legard to the evolution of 
sense oigans (cf. the senes of sensitne seta; 
m the cia}fish) The \isiial oigans of the 
leech are not able to foim images of external 
objects, but the animals are exquisiteh 
sensitive to alteiations of light 

Alimentary system, — When the 
leech has firmly fastened itself to its 
prey by the hind sucker, it brings its 
muscular mouth into action, pressing 
the lips tightly on the skin, and pro- 
truding three chitinous tooth-plates 
which lie within Each of these 
tooth-plates is worked by muscles, 
and is like a semicircular saw, for the 
edge bears from 60 to 100 small 
teeth Rapidly these saws cut a 
triangular wound, whence the flowing 
blood IS sucked into the muscular 
pharynx. The process may be ob- 
served and felt by allowing a hungry 
leech to fasten on the arm. As the Fig. 123. —Alimentary’ 
blood passes down the pharynx, it is system oHeech.— After 

influenced by the secretion of glandu- ' loqmn-Tandon 
lar cells which lie among the muscles Sop- 

of the seventh, eighth, and ninth pociet, es rectum; 

^ j j r posterior sucker 

segments, and exude a ferment which 
prevents the usual clotting. The blood greedily sucked in 
gradually fills the next region of the gut — the crop — 'which 
bears on each side eleven storing pockets. These become 
wider and more capacious towards the hind end, the largest 
terminal pair forming two great sacs on each side of the 
comparatively narrow posterior part of the gut As all the 
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pockets point more or less backwards, it is evident that a 
leech to be emptied of the blood which it has sucked must 
be pressed from behind forwards. The pockets filled, the 



leech drops off its victim, 
seeks to retire into more 
private life, and digests 
at leisure. The digestion 
does not take place in the 
pockets, but in a small area 
just above the beginning 
of the terminal part or rec- 
tum. This rectum, running 
between the two last 
pockets, IS separable from 
the true stomach just 
mentioned by a closing or 
sphincter muscle It ends 
in a dorsal anus above the 
hind sucker. 

Vascular system. — Two 
mam lateral vessels run 
longitudinally, one on each 
side of the body. They 
are connected with one 
another by looping vessels, 
give off numerous branches 
which riddle the spongy 
body, and have a definite 
muscular coat On the 
dorsal surface and vent- 
rally around the nerve-cord 
are two lacunar spaces, 
which are really portions 

Fig. 124. —Dissection of leech. 

— After Bourne 

c g- ^ Cerebral ganglia , p , penis , s v. 
IS opposite the seminal \es1cle3 ov , 
ovary, ut , uterus, v d,, \as de- 
ferens , I bv , lateral blood vessel ; 
T 4j fourth testis , nv , nephridial 
vesicle iV 17, last nephndium , 
G 19, nineteenth pair of ganglia , 
71 c , nerve-cord 
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of the true ^ body cavity, and not parts ot the vascular 
system. M ith those and similar spaces, however, the 
blood vessels are connected by means of a secondarily 
developed series of canals, roughly corresponding to the 
lymphatic vessels of Vertebrates The blood is red, and 
contains colourless floating cells of diverse form. 

Excretory system — There are seventeen pairs 01 
excretory tubules or nephridia, from the second to the 
eighteenth segment inclusive The'.e open laterally on the 



Fig 125 — A nephndmm of leech, — After Bourne. 

W, Internal terminal funnel , C , glandular coil covered with blood 
ve&sels , V , external terminal vesicle 


ventral surface, voiding the waste products extracted from 
the blood vessels which cover their walls. From the 
seventh to the seventeenth, each nephridium ends internally 
in a ciliated cauliflower lobe,” corresponding to the funnel 
of Oligochseta, and enclosed m a blood space, apparently 
part of the reduced coelom. In the first nine of these 
funnehbearing nephridia the terminal lobe lies close upon 
and dorsal to a testis, but there is no morphological 
meaning in this approximation. Each consists of two 
16 
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parts, a twisted horseshoe-shaped glandular region, where 
the actual excretory function is discharged, and a spherical, 
internally ciliated bladder opening to the exterior. Within 
the latter there is a whitish fluid wath numerous waste 
crystals. The nephridia secrete a clear fluid which helps to 
keep the skin moist, and thus makes respiratory diffusion 
easier. 

Reproductive system. — The leech, like many other 
Invertebrates, is hermaphrodite, containing both male and 
female reproductive organs. The essential male organs or 
testes are diffuse, being represented by nine pairs, lying on 
each side of the nerve-cord in the middle region of the 
body. Each is a firm globular body, within which mother 
sperm cells divide into balls of sperms. The spermatozoa 
pass from each testis by a short canal leading into a wavy 
longitudinal vas deferens. This duct, followed towards 
the head, forms a coil (so-called seminal vesicle) as it 
approaches the ejaculatory organ or penis. From the coil 
on each side the sperms pass into a swollen sac at the base 
of the penis, where, by the viscid secretion of special 
(‘‘prostate”) glands, they are glued together into packets 
or spermatophores These pass up the narrow canal of 
the muscular penis, and leave the body on the middle 
ventral line between rings 30 and 31, when they are 
transferred in copulation to the female duct of another 
leech. 

The female organs are more compact The two small 
tubular and coiled ovaries are enclosed in spherical vesicles, 
the walls of which are continued as tw^o oviducts, which 
unite together in a convoluted common duct. This is 
surrounded by a mass of glandular cells, which exude a 
glairy fluid into the duct. Finally, the duct leads into a 
relatively large muscular sac — the “uterus” — which opens 
through a sphincter muscle on the middle ventral line 
between rings 35 and 36. 

The favourite breeding-time is m spring. Two leeches 
inseminate one another, uniting in reverse positions, so 
that the penis of each enters the uterus of the other. 
Spermatophores are passed from one to the other, and the 
contained sperms may lemain for a long time within the 
uterus, or, liberated from their packets, may work their way 
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up the female duct, meeting the eggs at some point, or 
reaching them even in the ovaries. 

The development is direct, and in many respects recalls 
that of the earthworm. 


General Notes on Leeches 

The leeches constitute a lelatively small class,, i\hose ^tiuctuie ha& 
been insufficiently uoiked out. The presence of suckers the parasitic 
habit, the reduction of the body cavity, ha\e led man} naturalists to 
associate them vith Flat-worms, but all lecent work goes to emphasise 
then affinit} with Annelids, especiall} OhgocLetes In leeches setae 
are absent, except in Acaiithobdella^ which has paued segmentally 
arranged bristles in the antenor region , but it is to be noted that they 
are absent in some Oligochartes. As in Oliguchmtes, gills aie usualh 
absent, but occur m Branchelhon The condition of the bod} ca\ity 
affords one of the most striking contrasts to OligochcTetes ; but in 
Acanthobdella the adult has a typical Annelid ccelom divided into 
regions by septa In others, m spite of the large amount of connective 
tissue in the adult, there are distinct tiaces of segmental septa. In 
Hzfudo the leduction is earned so fai that the coilom is lepiesented 
merely by canals without trace of septa. In all cases, howeiei, 
development shows that the lediiction is secondary, and that m the 
embryo there is a true Annelid body ca\ity unconnected with the 
vascular system. The condition of the alimentai} canal affoids a basis 
for classification, for in one set the anterior region is protiusible, and m 
the other it is not, but is furnished with jaws 01 tooth-plates The 
jaws are mteiesting, because they are absent from Oligochjetes, except 
in a few forms, like Brazichtobdella ; the jawed leeches are more 
specialised than those without these structuies 

With regard to the nephndia, m Chpszm^ which has a fairly well- 
developed body cavity, there is a direct communication betw een coelom 
and nephiidia by means of a ciliated funnel of typical Annelid form. 
Where the coelom is much reduced, as in Hirtido^ the funnel is repre- 
sented by the blind ciliated “ cauliflower lobe.” In the reproductive 
system, apart from the numerous male organs, the leeches differ from 
the Oligochaetes in the apparent continuity of the organs and ducts ; 
but in the case of the ovaries, at least, the connection is secondary. In 
the processes of fertilisation and egg-Iaying, in the formation of a 
cocoon, and in the development, the tw'o gioups show marked 
resemblance. 

Most leeches are wonn-like aquatic animals, with blood-sucking 
propensities ; but some live m moist soil, and others keep to the open 
surface, while the parasitic “ vampire ” habit, familiarly illustrated by 
the apothecaiy’s ancient panacea, is in many cases replaced by 
carnivorous habits and predatory life The medicinal leech [Hirndo] 
IS typical of the majority, for it lives in ponds and marshes, and sucks 
the blood of snails, fishes, frogs, or of larger available victims. The 
giant leech {Macrobdella -doldiviana), said to measure 2J ft. in length. 
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though this IS very doubtful, is subtenanean and cainivoious , while the 
wii} land-leeches {HcEmadipsa^ etc.), of Ce} Ion and other paits of the 
East, move veiy rapidly along the ground, fasten on to the legs of 
man oi beast, and gorge themselves with blood The himgiy hoise- 
leeches are species of Htzjnopi^, gieedily suctoiial, though the teeth, 
which occur in two rows, are too small and iiiegulai to be useful in 
medicinal blood-letting , but the name is also applied to species of the 
common genus Aniostoma, which aie caimvoious m habit. Othei 
common leeches are species of Nepkchs, piedaceous foims wuth indis- 
cnminating appetites, and the little Clepszjie^ also common in our 
ponds, notable for cair}ing its young about on its vential surface 
Several marine fotms piey upon fishes and othei animals, eg the 
“ skate-suckei ’ {Pontobdella mizucata)^ with a leathery skin rough with 
knobs. This foim lays velvet} eggs m empty mollusc shells, and 
mounts guard ovei them foi moie than a hundred days. The remark- 
able B) ancJielhon on the Torpedo has numerous leaf-like lespiiatory 
plates on the sides of its body Peihaps the strangest habitat is that of 
LopJiobdeila, w’hich lives on the lips and jaws of the ciocodile. 

Olassij&cation — 

Family i Rh} nchobdellidc-e, in which the foie pait of the 
phaiynx can be protruded as a proboscis Theie is an anteiior 
as well as a postenor suckei The blood plasma is colouiless 
The ova aie laige and rich in }olk ; the embryos are hatched 
at an advanced stage, and soon leave the cocoon, wEich contains 
no albuminous fluid. 

e g Ciepsine, Pontohdella^ Branchelhon. 

Family 2. Gnathobdellidai, m wEich there is no proboscis, but 
the pharynx usually bears three tooth-plates. The mouth is 
suctorial The blood plasma is red The ova aie small 
and without much yolk; the embryos are hatched at an 
early stage, and swim about in the nutritive albuminous fluid 
of the cocoon. 

eg, Bzeiide, Heemopts^ ILemadipsa, Azdosto??ia, Nephehs. 

Family 3 Acanthobdellidse. By itself is the Siberian fish parasite 
Atanthobddla, which has rows of setae on the first five segments, 
a spacious cnelom, and other peculiarities 


Appendix {l) fo Annehd Senes 

Class Ch.^itognatha. Arrow-worms 

There aie two little pelagic ''wwms,” SagiLa and SpadeUa, which 
are so different from all others, that they have been placed in a class 
by themselves It is possible to regard them as Annelids with three 
segments. 

The translucent body, which may be nearly 3 m. long, but is 
usually much less, has three disUnct regions,— a head beaiing a ventral 
mouth with spines and bristles (whence the name Ch^etognatha), a 
median legion wuth lateral fins, and a trowel-like tail. The nervous 
s}stem consists of a supra-cesophageal ganglion in the head, a sub- 
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oesophageal about the middle of the body, long cummis^'iires between 
them, and numerous nei\es fiom both, it letams its piimitive con- 
nection with the epidermis Theie are two e}es and various patches 
of sensitive cells The food canal is complete and simple, and lies m a 
spacious ciliated bod} cavity Conespondmg to the external divisions, 
the cavities of the head, body, and tail are distinct, being separated 
from one anothei by septa ; a longitudinal mesenteiy supports the gut 
and divides the cavities into lateral halves. 

Theie is no vascular system, nor are theie any certain nephndia It 
is possible that the latter may be repiesented b} the genital ducts 

The animals are hermaphiodite, and the simple reproductue oigans 
lie near one another postenoily The tv\o ovaries project into the 
body cavity, and their ducts open lateially wdiere body and tail meet. 
The tw o testes project into the ca\ ity of the tail , and their ducts have 


hi 



F'ig 126. — Development of Sagitfa . — After O. Heitwig. 
Illustrating formation of a body ca\ity by pockets 
from the archenteron ; also the early separation of 
reproductive cells. 

Ec , Ectoderm ; En , endodenn , ac , archenteron , /u, repro- 
ducti\e cells, />i , blastopore, coelom pouches, /« , 

mouth; i section of gastrula, 2 and 3 origin of ccelom 
pouches 


inteinal ciliated funnels, and open on the tail. Two reproductive cells 
are set apart at a very early stage, and each divides into the rudiment 
of an ovary and of a testis. The eggs undergo complete segmentation ; 
a gastrula is formed by the invagination of the blastula ; the body 
cavity arises, in enteroccelic fashion, as two pockets from the arch- 
enteron The young forms are like the adults. 


Appaidix (2) to Annehd Series 

Class Rotatoria. Rotifers 

Rotifers are beautiful minute animals, abundant m fresh w^ater, also 
found m damp moss, and in the sea. They owe their name and the 
old-fashioned title of wheel -animalcules to the fact that the rapid move- 



246 


PHYLUM ANNELIDA. 


ments of cilia on then antenor end pioduce the appearance of a lotating 
wheel The food seems to consist of small organisms and particles 
caught in the whiilpool made by the lashing cilia The little animals 
aie tenacious of life, and can survive prolonged di ought If they are 
left diy foi long, however, they die, though the ova may suivive and 
subsequently de\ elop 

The body is usuall} micioscopic, and is sometimes [eg in Mehcerta 
and Flosiidana) shelteied within an exteinal tube There is no 
internal segmentation, but there are sometimes external rings, and the 
attaching outgiowth or “foot” is sometimes segmented. The anteiioi 
end bears, on a letiactile ndge, the ciliated ring or “ trochal apparatus ” 

The nenous system is a single doisal ganglion with a few nerves 
An unpaiied eye and some tufts of sensoiy haiis are usually present 

The food canal extends along the bod}' in a w'ell- developed “ ccelom,” 
and the foi e-gut contains a mill, m which two complex hammers beat 
upon an an\il The canal ends posterioily on the doisal surface 
between the body and the foot, and, as the teiminal portion also 
receives the excietoiy canals and the oviduct, it is called a 
cloaca. 

There is no vascular s}slem, but a nephndial tube of a primitive t}pe 
lies on each side of the body, and opens posterioily into the cloaca. 

The sexes are separate , the repioductive oigans aie simple Except 
in the marine paiasite Seiwn^ m Phinops V2trea, and two or thiee othei 
forms, the males aie dwarfed and degenerate, destitute even of a tiue 
food canal, and often “little more than perambulating bags of 
spermato/oa.” In many cases the sexual union (effected by a 
penis) seems to be ineffecti\ e, and there is no doubt that many, if not 
most. Rotifers aie p^henogenetic No males have as yet been found 
in PJnlodma, Rotifer^ CaUiduia^ 01 Adineta The females lay thiee 
diffeient kinds of eggs, according to their conditions and constitution — 
either small ova, which become males, 01 thm-shelled “ summer ova,” 
or thick-shelled “resting or winter ova,” the tw'o last developing into 
females. The so-called wuntei eggs may occur at any season, and 
•leem usually to have been fertilised IVIany species, how'ever, are 
vivuparous We include the Rotifers beside the Annelids pioper, be- 
cause it seems possible to regard them as derned from ancestois 
somewhat like Annelid lar\'jc. 

Rotifeis living in fixed tubes or en\ elopes, — Mehceiia^ Floscidana^ 
Stephanoteros 

Free Rotifers, — Notomjiiata, Hydatma^ Brachioniis 

Parasitic on the marine cuistacean Nebalia^ — Seison, 

Pedahon occupies a unique position ; it has hints of appendages and 
a pecuhai jumping motion. 

At this stage it may be mentioned that there are several sets of 
small worm-like animals of which we know very little It is quite 
possible that some of them may become of great interest to the 
systematic zoologist, but we do not yet understand w'hat places in 
the system they should occupy Moreover, as they are small, un- 
famihai, and unknowm to myself, I shall simply refei to more complete 
works for an account of the Gasterotricha, Echmodend^e, Demosco- 
lecidss, and Chgstosomidne 
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Appendix io Aundid Senes 

A Class SiPUNCULiD.Ej e,g Sipmadus, and 
B Class Prupulid.^:, e,g, Pnapulus 

The^e t\\o classes were foimerly united \\ith the Echmnda; as 
Gephyrea, but it is improbable that the thiee are nearly 1 elated The 
Echiuiidte aie appaiently modified Chmtopods, while the position of 
the Sipunculidje and Piiapulida? is quite uncertain. 

Both include marine woims, li\mg m the sand or mud upon which 
they feed, having unsegmented bodies with a capacious bod) cavity, 
and an anterior protrusible proboscis or inti overt, which is moved b) 
special retractor muscles, and bears the mouth at its tip. In most other 
respects the two classes diffei markedly from one anothei. 

In the Sipimculids, the large introvert terminates in a hollow 
tentacular fringe, within the cavity of which closed blood vessels run 
The gut IS much coiled, and the anus is doisal and antenoi. A nervous 
sjstem with a distinct brain, a gullet-ring, and a vential cuid is present, 
but the ventral coid is unsegmented. Peculiar ciliated vesicles 01 
“urns” arise in some Sipunculids as buds fiom the blood vessels, 
and many swim freely m the body cavitv By collecting and agglutinat- 
ing particles they help to puiifv the cadomic fluid. Large nephiidia or 
blown tubes, usually two in numbei, occur m the anterior legion, and 
function also as genital ducts The sexes are sepoiate except in 
Phasiolosoma mumfumi and the repiuductive cells develop on the lining 
of the body caviu In the development, which includes a meta- 
morphosis, seveial peculiarities aie obseivable, tending to show that 
the animals aie not primitive The larva of /////x is sometimes 

compared to a tiochospheie, but diffeis from a typical trochosphere, 
notably in the total absence of segmentation, of “head kidnevs,” of a 
pi e-oral band of cilia, as well as in the position of mouth and anus, and 
the slight development of the pre-oral lobe 

The class includes eleven genera, which are wudely distnbuted ; many 
of the species are large and conspicuous. It should be noticed that 
while Sipunculids are typically without trace of setoe, some genera, 
e.g. Phascoiosoma^ have distinct hooks on the introvert 
The Pnapulidse include two geneia — Priapuhis and ffahnyptns, both 
almost entirely confined to the northern hemispheie. They have no 
tentacles, no vascular system, no brown tubes, and no brain. The gut 
is straight, or has a single loop ; the anus is posteiior A gullet-nng 
and ventral nerve-cord are present as m Stpitmidus^ but retain their 
pnmitive connection with the epidermis There aie complex genital 
ducts opening by a pore on each side of the anus, which in the young 
are connected with an excretory system of the Platyhelminth type, 
while in the adult they are overgrown and concealed by the lepro- 
ductive cells. The development is unknown. In Pnapulus there is a 
peculiar respiratory (^) appendage at the posterior end of the body. 
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Appendix (4) to Annelid Seiics 

Undei the old teim Mollubcoidea are sometimes included the three 
classes — Phoronoidea, Poljzoa 01 Biyozoa, and Biachiopoda 

The IMolluscoidea aie chaiacteiised by the piesence of a true 
coelom j foimed in development b} the folding off of pouches fiom 
the archenteion, and by the shortening of the dorsal region of the 
body, which lesults in the close appioximation of mouth and anus 
The mouth is typically famished \Mth ciliated tentacles, and is often 
overhung b\ an epistomc , both tentacles and epistome, when present, 
contain spaces w^hich are part of the body ca\uty. Except in the 
Ectopiocta among Pol}7oa, two or four nephridia aie piesent, and 
serve also as genital ducts There is always a metamorphosis in 
development, and the lai\i.'L are peculiar 

The development is in most cases in- 
sufticiently knowm, and it is probable 
that further knowledge of it will remove 
these sets of animals from then apparently 
anomalous position 


Class Phoronoidea 

This class has been erected for the 
single genus Phoronis, wEich has been 
associated both with the Gephyrea and 
with Polyzoa With the removal of 
Cephalodi^cus and Rhabdophitra from the 
last-named gioup to the Hemichorda, 
Photoms has been left in a somewhat 
isolated position It has been proposed 
to leassociate it with these foims and 
with Ba/aiw^lossns, on account of certain 
Chordate affinities said to be exhibited 
b\ the laiva 

The genus Pkoioms includes a few' 
species of small marine “ worms,” social 
in habit, and found enclosed in fixed 
leather)’ tubes often encrusted with foreign 
particles. Each individual is furnished 
wuth a horseshoe-shaped crown of tent- 
acles, which are hollow and suppoited 
by an internal skeleton. The nervous 
s)stem lies in the ectoderm — a very 
pnii*iti\e character, and consists of a 
ling round the mouth, and of a cord 
dow'ii the left side of the body. An 
interesting point is the presence of a 
closed vascular system with nucleated 


CNR 



Fig. 127. — Actmotrocha 01 
larva of Phoroms — After 
Masterman 

The mouth is overhung by the 
prominent pre-oral hood ; the 
anus IS at the other end of the 
body Behind the mouth is a 
nng of ciliated tentacles 
SP ^ the nerve ganglion in the 
hood ; N G , the nerve gan- 
glion of the region called collar 
region by Masterman , CNR , 
nerve-ring at base of tentacles 
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led cells. The body cavity is well developed, and is duided mto 
chambeis. The sexes aie united; and the lana, known as 



h IG 1 28 — Phoronis, much enlarged 
TR , Trunk, TR , tentacles, TR , tune 

t roc ha, undergoes a remarkable metamorphosis in the course of its 
conversion into the adult 


Class PoLYZOA or Bryozoa 

As usually defined, the class includes tw'o sub-classes, the Ectoprocta 
and the Entoprocta, but it seems almost certain that these are distinct 
classes 

The Ectoprocta include fresh-water and marine forms, in w^hich the 
anus is outside the basis of the tentacles The ner\ous s\stem is repre- 
sented by a ganglion placed between the mouth and anus There is a 
body cavity. There is no vascular system. Nephndiaaie absent All 
are colonial and bud very fieely ; the marine forms show considerable 
division of labour among the members of the colony 
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(a) Tentacles m a crescent — Fresh water, CriUatella^ Lophopus, etc 
(^) Tentacles in a cncle — Marine, except Paludicclla , Fhtstra, the 
common sea-mat , Munh anipoi encrusting seaweed, etc. ; Cellepota^ 
vei} calcaieoiis ; A/iVonninim, gelatrnous 

The Enlopiocta include the colonial Peduellina, with a few allied 
geneia, also the non-colonial Loxosoma^ m which the buds separate 
as soon as they are foimed All the forms are stalked and minute. 
The anus is included within the tentacular cncle In the meta- 



Fig. I to. — Diagram of an Ectoproctous Pol}zoon 
* {Phnuatelld). 

L , Lophophore , PH , pharynx , A , anus , ^ , stomach , 
M , retractor muscle , P , fun. cuius, a cord of mesoclermic 
tissue, 0 1 cells that form "‘statoblast’' buds, B , an 
oidinar;^ bud , £ epistorae o\er the mouth , P , tent- 
acles , SA , outer wall of zooecium. 


morph osis of PcdueUina there is an elongation of the dorsal region of 
the body, and a consequent approximation of the mouth and anus on 
the shortened ventral surface There is no apparent body cavity in the 
adult, and the mesoderm arises from two primitive mesoblasts The 
nephndia are anterior, minute, and do not serve as genital ducts, but 
resemble the head kidneys ” of Annelid trochospheres They are said 
to terminate in flame-cells like those of Platyhelmmths In all these 
three respects the Entopiocta differ from the Ectoprocta, and from the 
jMolluscoidea generally 
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Class Brachiopoda 

The Brachiopods 01 Lamp-shells are quaint marine animals, once 
veiy numeioiis, but now decadent The body is enveloped dorsalij' and 
ventrally b\ two folds of skin or mantle ; these seciete a shell, ukially 
of lime, but sometimes organic. The development of this shell has 
appaiently modified both the position and the relations of the organs. 
Theie is no real resemblance between a Biachiopod shell and that of a 
bivalve IMollusc, except that both consist of tw’o valves In Brachiopods 
these he doisally and ventrally, in Lamellibianchs they are lateral; 
moreover, in Biachiopods the ventral 
valve IS usually the laiger It is hardly 
necessaiy to say that the Biachiopod 
oigamsm is not the least like a AIollusc- 

A considerable part of the space 
between the vah es of the shell is filled 
up by two long ‘‘aims," which are 
coiled in a spiral, and often supported 
by a calcaieous skeleton. These arise 
in development fiom the specialisation 
of a horseshoe-shaped “ lophophore," 
such as IS chaiacteristic of the I‘ol}zoa 
The mouth is placed between the arms, 
and opens into the ciliated food canal. 

This mav end blindh , or may be 
furnished with an anus placed near Fig. 130 — Intel lor of 
the mouth , m O the anus is dorsal Brachiopod shell, showing 
and posterioi The muscular system calcareous support for the 
IS well developed, the shell being’ both “arms” — After Davidson, 

opened and closed by means of muscles. 

There is a neive-iing round the gullet, with a slight brain and an 
infeiior ganglion. Sensory stmctiires in man} cases perforate the 
valves. Above the gut lies the heart, which is connected with blood 
vessels Two (01 more larely four) nephiidia open near the mouth, 
and serve also as genital ducts. The posterior region of the bod} often 
foims a stalk by which the shell is moored, but in many this stalk is 
absent, and the animal is directly attached to the substratum. The 
sexes are sometimes separate, but perhaps some are heimaphrodite. 
There is a metamorphosis in the development, and the larvre resemble, 
in some respects, those of Polv zoa. 

The Brachiopods date from the earliest knowm fossiliferous rocks, and 
had then maximum representation 111 the Ordovician and Siliuian. 
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Class I. liOLOiHUROiDEA Sea-cucumbeis 
,, 2. Eghinoidea Sea-mchins 

„ 3. A&teroidea Starfishes 

,, 4 Ophiuroidea Brittle-stais 

,, 5. Crinoidea. Feather-stais. 

6. Edrioasteroidea Extinct 

7. BL4.STOIDEA Extinct. 

,, 8. Cystidea. Extinct 


Site-Phylum 
J Eleutherozoa 

I Sub-Ppiylum 
I Pelmatozoa 


In contrast to the “ worms, ’’ the Echmoderms form a well- 
defined senes. They may be described as sluggish marine 
animals, generally with superficially radial symmetry, with a 
tendency to form limy skeletons. The radial symmetry led 
the older zoologists to place the Echmoderma near Coelen- 
tera, but there seems to be no real affinity. Moreover, the 
larval Echinoderm is bilateral in its symmetry. It seems 
lij ^ly th at the Echinoderms represent an offsh oo t of some 
^^^worm ^^"“^ockT" As in Coelentera, the n^vous sysTSn 
shows a marke'cT absence of centralisation, which may be 
connected with the absence of a definite head region, and 
this again with the sedentary or sluggish habit. 


General Characters 

The Echijiodey'ms are ccelomate 7nari}ie am^nals iji which 
the bilateral symmetry of the larva is replaced m the adult 
by fnore or less marked radial symmetry. In addition to 
the dominant radial symmetry^ the adults show to a varying 
extent a tendency towards the bilateral type, but this is never 
the same as that of the larva, nor is it equivalent in the 
differe?it forms. Lime is always deposited in the mesodermic 
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tissues {meseuchyme)^ and in consequence there is frequently a 
very complete skeleton. F?‘07?i the primitive gut of the larva^ 
pouches grow out to form the usually spacious codom and the 
cha7‘acteristic water vascular system fiydivael)^ which /nay 
have locomotor 07 I'espi/'afory functions or both The bi'anches 
of this syste/Hj together with the ne/ves^ exhibit in most cases 
a typical five-rayed am^a/igement. In addition to the water 
vascular system^ there is an ill-defined lacunar system of blood 
vessels. In the hesmal vessels^ water vessels, and cielom, 
thei’e are abundant migratory anuchocytes Well-defined 
exc7‘et07y organs are absent. Gonads aiise on the lining of 
the body cavity, and are radi- 


ately disposed except in Holo- 
thu nans. The es are almost 
always sepai'ate. There is 
usually a sinking circuifous- 
ness or indu^ectness in develop- 
ment. The larvcB are almost 
always fire-swimmi/ig, and 
exhibit a inetamorphosis. The 
diet is vegetarian fnost sea- 
urchins), or carnival ous (stai- 
fishes), or consists of the 07 game 
particles found in sand and 
mud, the Holothuidans in par- 



ticular practising this woim- 

like mode of nutrition. ^ , 

j. T-' 7 • j 7 ^ Fig — PIu tens larva of Ophiur- 

Most Echinodenns have to a luchment of adult.- 

remarkable extent the power After Johannes Muller. 
of casting off and /regenerating 

portions of their body. This power is pivbably one of their 


means of defence, but they often mutilate themselves as a 
consequence of unfavourable conditions of life. This self- 


mutilation, or autotomy, seems to be reflex, and not voluntary. 


General Notes on Structure 

The Echmodeima, m spite of the numerous fossil representatives, 
form an exceedingly well-defined group, showing no close relation to 
any other, and exhibiting ceitain striking peculianties The skeleton 
IS generally w^ell developed ; in Holothunans it consists of isolated 
spicules, but elsewhere of a senes of plates wEich may be firmly united 
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together, as in most sea-iuchms, oi ina} be capable of movement upon 
one anothei Apait from the skeleton piopei, lime ma} appear in 
almost any of the organs of the body With this deep seated tendency 
to foim skeletal substance ma) perhaps be associated the sluggish habit 
of the majorit), and the absence of definite excietoi) organs Except 
in Holothiuians, where the calcareous plates are diffusel) scatteied, the 
parts of the skeleton show much regulaiit) of aiiangement The 
primitive skeleton is believed to have consisted of tivo senes of plates, 
constituting respectively the oral and apical systems These, especially 
the latter, were of much importance m the formation of the skeleton of 
the extinct Blastoids and Cystoids, but in modern Echinodeims they 
are absent or unimpoitant, and are functionally replaced by accessory 
plates, such as those which foim the ‘Hest’’ of sea-urchins The oial 
system consists of five plates suiroundmg the mouth, and in liMiig foims 
it IS fully developed only among Ciinoids The apical system in the 
Pelmatozoa typically forms a cup or calyx enclosing the visceia, and 
consists of a central plate to which a stalk ma) be attached, and thiee 
sets of plates arranged around this, five mfra-basals, fi\e basals, and five 
radials In the larva of Antedon this apical system is fully lepiesented, 
except that the mfra-basals aie reduced to three, but in othei Crinoids 
and in the adult Antedon theie tends to be i eduction Among other 
Echinodeims the apical system is best represented among sea-ui chins, 
where there are often five basals and five radials arranged aiound the 
anus, but these tend to be reduced oi lost among the modern iiregulai 
iiichms. In Ophiuroids the apical s}stein is sometimes lepresented 
both by basal and radial plates, but often only by ladials ; in starfishes 
it IS typically absent in the adult, though moie oi less clearly showm in 
the laiva 

The other most striking characteristic of Echmoderms is the peculiar 
water vascular system. This arises in development from the coelom, 
and consists typically of the following parts —An external opening or 
madreporite opens into a canal with calcified walls, called the stone 
canal ; this opens into a ring canal around the mouth, which has often 
connected wuth it little vesicles and glandular bodies ; the ring canal 
opens into five radial canals which run m the radii of the body, and 
give off branches to the piotrusible tube-feet which project on the 
surface of the body, and may be furnished with suckers , the radial 
canals are also often connected with internal reservoirs oi ampulL'e 
The tube-feet are ver)" characteristic, and have different functions in 
the different classes. In Asteroids, in most Holothurians, and in part 
m Echmoids, they are primarily locomotor ; in Ophiuroids, in Ci molds, 
and in part m Echmoids, they are respiiatory, tactile, oi used foi food- 
catchmg But there is great variety of structure and functions ; thus in 
many Holothurians the tube-feet are lepresented only by a ring of 
tentacles- around the mouth 

Class Asteroidea. Starfishes 

Star-hke or pentagotial Ecki?ioderms more or less flattened 
at right angles to the main axis of the body . usually with 
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well-defined shnple arms containing the gmads and piolonga- 
tions of the gat, with a ventral ambulacral groove 

supported by paired ossicles and hearing the tube-feet ^ with 
regularly disposed calcareous^ often ipi nous, plates on the skin , 
with an external niadreporite {occasionally multiple), always 
on the upper surface of the disc in living fo? ms ^ with a 
mouth at the centre of the lower surface, and usually with an 
anus at the opposite pole. 


Description of a Starfish 

The description applies especially to the common five- 
rayed starfish {Asterias or Asteracanthion ruhens). It is 
often seen in shore pools exposed at low water, but its 
haunts are on the floor of the sea at greater depths. There 
it moves about sluggishl} by means of its tube-feet 

Each of the five arms bears a deep ventral groove m 
which the tube-feet are lodged The mouth is in the 
middle of the ventral surface, the food canal ends about 
the centre of the dorsal disc With this flat, five-rayed 
form, the 11-13 rayed sun-star (So/aster), the pincushion- 
like Porania, and the flat pentagonal Falmipes, should be 
contrasted. Between two of the arms lies the perforated 
madreporic plate, thus defining the bivium, while the three 
other arms constitute the trivium. 

The body is covered by a ciliated ectoderm, beneath 
which lies a mesodermic layer. In association with the 
latter there is developed on the ventral surface of each arm 
a double series of sloping plates. These meet dorsally, like 
rafters, in the middle line of the arm, forming an elongated 
shed. The rafter-like plates are called ambulacral ossicles ; 
the groove which they bound lodges the nerve-cord, the 
water vessel, and the tube-feel of each arm. 

In association with the outer mesodermic layer of the 
integument, numerous smaller plates are developed, e,g. the 
adambulacrals, which articulate with the outer lower ends of 
ambulacrals. The dorsal surface bears a network of little 
ossicles, and many of these bear spines. Peculiarly modi- 
fied spines, known as pedicellarm, look like snapping 
scissor-blades mounted on a single soft handle. They 



256 


PHYLUM ECHINODERMA, 


have been seen gripping Algse and the like, and probably 
keep the surface of the star-fish clean. 

A starfish is not very muscular, but it often bends its 
arms upwards by means of a muscular layer in the body 
wall Other muscles alFect the size of the ventral grooves, 
and muscular elements also occur on the protrusible part 
of the stomach, and in connection with the water vascular 
system. 



Fig 132. — Starfish. 


I Ventral surface; tf, tube-feet extended, the ambulacral 
groo\e with the tube-feet retracted , m , the mouth II Dorsal 
surface, showing the position of the madrepore {M ) , the tw o 
adjacent arms form the bmum 

Underneath the ciliated ectoderm lies a network of 
nerve fibrils, with some ganglion cells. But besides these 
diffuse elements there is a pentagon around the mouth, 
and a nerve along each arm. The system is not separable 
from the skin. Ganglion cells are developed also on certain 
parts of the wall of the ccelom. 

A red eye spot, sensitive to light, lies on the terminal 
ossicle at the tip of each arm, and is usually upturned. It 
IS a modified tentacle, bearing numerous little cups, lined 
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by sensitive and pigmented cells, containing clear fluid, and 
covered by cuticle. The skin is diffusely sensitive. The 
terminal tube-foot of each ray seems to be olfactory. 

The starfish may be found with part of its stomach 
extruded over young oysters and other bivalves. This 
protrusible portion of the stomach is glandular and saccu- 



Fig. 133. — Alimentarj^ system of starfish — After 
Muller and Troschel 

The dorsal surface has been removed , the digestive CEeca and the 
stomach are shown 

lated, and bulges slightly towards the arms \ it is followed 
by an upper portion, giving off five branches, each of which 
divides into two large digestive caeca, — a pair m each arm 
(Fig. 133) These glands are comparable to a pancreas, 
their secretion contains three ferments, which convert 
proteids into peptones, starch into sugar, and break up fats 
into fatty acids and glycerine. From the short tubular 

17 
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intestine between the stomach and the almost central dorsal 
anus two little outgrowths are given off, perhaps homologous 
with the ‘‘respiratory trees” of Holothurians (Fig, 139, r.t). 
Some parts of the food canal are ciliated. 

The coelom is distinct, though not much of it is left 
unoccupied either m the disc or in the arms It is lined 
by ciliated epithelium, and contains a fluid with amoeboid 
cells. A few of these have a pigment which probably aids 
in respiration ; others are phagocytes, which get rid of 
injurious particles through the “skin-gills”, others con- 
tinue the work of digestion. 

When a starfish is crawling up the side of a rock, scores 
of tube-feet are protruded from the ventral groove of each 
arm ; these become long and tense, and their sucker-like 
terminal discs are pressed against the hard surface. There 
they are fixed, and towards them the starfish is gently 
lifted. The protrusion is effected by the internal injection 
of fluid into the tube-feet; the fixing is due to the pro- 
duction of a vacuum between the ends of the tube-feet 
and the rock. 

As to the course of the fluid, it is convenient to begin with the 
madreporic plate, which lies between the bases of two of the arms (the 
bwmm). This plate is a complex calcareous sieve, with numerous 
perforating canals and external pores. It may be compared to the rose 
of a watering-can, but the holes are much more numerous, and lead 
into small canals, which converge into a mam ciliated canal, the stone 
canal. This, as usual, opens into a ring canal around the mouth. 
The ring canal gives off nine glandular bodies (Tiedemann’s bodies), 
and five radial tubes, one for each of the arms. Considerations of 
symmetry suggest that there should be ten glandular bodies, but m the 
inter-radius containing the stone canal there is only one In many 
starfishes there are five or ten little reservoirs (Polian vesicles) opening 
into the circumoral ring, but in Asterias ruhens these are hardly dis- 
tinguishable from the first ampullm of the radial vessels. These run 
along the arms, and lie in the ambulacral groove beneath the shelter 
of the rafter-like ossicles. From them branches are given off to the 
bases of the tube-feet, but from each of these bases a canal ascends 
between each pair of ambulacral ossicles, and expands into an ampulla 
or reservoir on the dorsal or more internal side (see Fig. 134). The 
fluid in the system may pass from the radial vessels into the tube-feet, 
and from the tube-feet it can flow back, not into the radial vessel, but 
into the ampullm There are muscles on the walls of the tube-feet, 
ampullae, and vessels At the end of each arm there is a long unpaired 
tube-foot, which seems to act as a tactile tentacle, and has also olfactory 
significance. 
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With regard to the vascular system there is considerable uncertainty. 
There is probably no definite vascular system at all. The organ de- 
scribed as a heart is really the “genital stolon.” There is a “ pseud- 
hciemal sinus” surrounding the stone canal, leading into a circum- 
resophageal ring, which gives off a vessel along each ray. 

From the dorsal surface and sides of a starfish in a pool, 
numerous transparent processes may be seen hanging out 
nto the water. They are the simplest possible respiratory 
structures, contractile outgrowths of the skin with cavities 





Fig 134 — Diagrammatic cross-section of starfish arm. — 
After Ludwig, 

n , Radial nerve , b radial blood vessel according to Ludw ig, 
septum in pseud-hsemal vessel according to others ; 'w.v , 
radial water vessel , am , ampulla , t,f , tube-foot , / c , a 
pyloric caecum cut across , i ^ , a calcareous spine ; ^ , a skm- 
gill , lac , spaces in the wall , go , ova in ovary , a o.j ambu- 
lacral ossicle. 


:ontmuous with the coelom, and are called “skin-gills.” 
[t is likely that pigmented cells of the body cavity fluid act 
ike rudimentary red blood corpuscles , the water vascular 
ystem may help in aeration; and the whole body is, of 
course, continually washed with water. 

The “ skin-gills ” are said to have an excretory function ; 
or phagocytes, bearing waste, seem to traverse their walls, 
t may also be that excretion is somehow concerned in 
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forming the carbonate of lime skeleton, but facts are 
wanting. 

The sexes are separate, and they are like one another, 
both externally and internally The gonads develop periodi- 
cally, and he in pairs in each arm. Each is branched like 
an elongated bunch of grapes, and is surrounded by a 
“ blood sinus.” Each has a separate duct, which opens 
on a porous plate, between the bases of the arms on the 
dorsal surface. In Asterma gtbbosa^ however, the eggs are 
extruded ventrally In the same species there is an in- 
teresting sexual variability . many are first males and then 
females (protandric), others are simply hermaphrodites, 
others seem exclusively of one sex. The eggs of starfishes 
are fertilised in the water, and the free-swimming larva is 
known as a Bipifinaria or as a Brachtolaria. 


Other Sta7'fishes 

Parental care is incipient among Asteroids. A species of 
Asterias has been seen sheltering its young within its arms • 
there is a definite brood-pouch in the form of a sort of tent 
on the dorsal surface of Fteraster, 

Many Asteroids break very readily, or throw off their 
arms when these are seized. The lost parts are slowly 
regenerated, and strange forms are often found in process 
of regrowth. Thus the “comet form’^ of starfish occurs 
when a separated arm proceeds to grow the other four. 

There are many deep-sea forms, such as the ophiuroid- 
hke Bnsinga, the widely-distributed Hyfnenaster^ and the 
blue Porcellefiaster mruleus\ but the majority occur in 
water of no great depth. 

Asteroidea first occur in Silurian strata. 

Glassification. — 

Order I. Phanerozonia With strongly developed marginal 
plates, the upper and lowei marginals in contact , with skin- 
gills restricted to the dorsal (abactinal) surface ; with broad 
ambulacral plates ; wnth prominent adambulacrals in the peri- 
stome, with pedicellarije sessile (if present), with two rows of 
tube-feet. 

e g. Astropedetiy Luidia^ Porama, Asterma^ Pahmpes. 

Order II. Cryptozonia. With indistinct or rudimentary marginal 
plates m the adults, often with intermediate plates between the 



OPHIUROIDEA. 


261 


upper and lower marginals, with skm-gills not lestncted to the 
dorsal (abactmal) surface, with narrow ambulacral plates, with 
ambulacrals or adambulacrals pi eminent m the peristome, with 
pedicellarim sessile or stalked (if present), often with apparently 
foui row s of tube-feet 

eg. As ten as, Solaster, Hemicia, Brisinga. 


Class Ophiuroidea. Brittle-stars, e.g Ophiofkohs 
aculeata 

Echmoderms with a steJ late flattened body, nearly related 
to starfishes, but usually differing from them in having the 
arms {sometimes branched) sharply marked off from the 



Fig. 135 — Ventral surface of disc of an Ophiuroid 
[Ophtoihrix fragths). — After Gegenbaur. 

^ , Openings of genital p^kets or bursae ; vt., mouth ; v , ventral 
plates of arms , sp , spines of arms , tf , tube-feet — at the right side 
these are represented as retracted , the openings through which 
they are protruded ; p , plates around mouth bearing the so-called 
teeth ; one of these plates is perforated, and functions as the 
madreporite 


entral disc, no ambulacral groove on the ventral surface of 
he arms, the digestive organs and gonads restricted to the 
Use, and the madreporite veniraL There is no anus. There 
ire deep respiratory clefts on the disc at the insertion of the 
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arms. They agree with starfishes in hemg free^ in having 
radially disposed gonads, i?i having the tube-feet restricted to 
the under surface, and in other features 

The body of a brittle-star differs from that of a star- 
fish in the abruptness with which the arms spring from 
the central disc (cf. Brismgti) These arms are muscular, 
and useful in wriggling and clambering , they do not con- 
tain outgrowths of the gut, nor reproductive organs. 
Moreover, there is no ambulacral groove, and the tube-feet 
which project on the sides are usually very small. They 
are often of locomotor service, adhering even to vertical 
surfaces, but in many cases they seem to be only sensory. 
Each segment of the arm includes a central “vertebral 
ossicle,’’ with four plates forming a tube round about it. 
There is a complete oral skeleton. The madreporic plate 
is situated on the ventral surface, usually on one of the 
plates around the mouth. The food canal ends blindly. 

Some brittle-stars have small luminescent glands, e.g 
Amphiura squamata. The reproductive organs lie in 
pairs between the arms, and open into pockets or bursae 
formed from inturnings of the skin, which communicate 
with the exterior by slits opening at the bases of the arms. 
Water currents pass in and out of these pockets, which 
probably have both respiratory and excretory functions. 

The free-swimming larva is a Fluteus, very like that of 
Echinoids (see Fig. 13 1). 

Ophiuroids are first found in Silurian strata. 

The Ophiuroids are usually classified according to the characters of 
their ossicles and covering plates Some common genera are Ophiothrtx, 
Ophiocoma, Ophiophohs, Ophtura. In the deep-water Astrophyton and 
Gorgonocephalus the arms are repeatedly branched. In Astronyx 
loveniy often caught in the trawl off the north coast of Britain, the disc 
IS relatively large and soft and the arms very long. In the extinct 
Lysophiurse there is an ambulacral groove. 


Class Echinoidea. Sea-Urchins, e.g. the common 
Echinus esculentus 

Echinoderms with the body covered by rows of plates, 
usually in vertical senes and forming an inflexible test ^ the 
shape of the majority approaches a sphere, but some are pin- 
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mshion-like, flat^ or obviously bilateral : the test is covered 
with spines which vary greatly m length and thickness in the 
different types , the locomotor and respiratory tube-feet usually 
extend from the peristome to near the aboral pole ; there is 
often a well- developed system of apical plates ^ the mouth is at 
the lower pole, the anus either at the aboral pole or in the 
posterior inter - radius ; the gonads are unpaired, five in 
number, and inter-radial. 

Description of the Common Sea-Urchin. 

Most sea-urchins live off rocky coasts, and not a few 
shelter themselves sluggishly in holes. They move by 


m 


yr.d 


Fig 136. — Apical disc of sea-urchin 

In the centre is the penproct bearing the anus, around it are five 
genital or inter-radial plates Cr), one of which is modified as the 
madreporite (m.) ; beyond these five ocular or radial plates (<? ) , 
r r.a , an inter-radial or inter-ambulacral area, with spines 
only ; r a. , a radial or ambulacral area, with spines and open- 
ings for tube-feet 



means of their tube-feet and spines, and seem to feed on 
acorn-shells’’ and other small sedentary animals, some 
seaweeds, and the organic matter found in mud and other 
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deposits. After the perils of youth are past, the larger 
forms have few formidable enemies. 

The hard and piickly body is more or less spherical. 
The food canal begins m the middle of the lower surface , 
it ends at the opposite pole in the middle of an apical disc, 
formed in the young animal of a central plate surrounded 
by five “ocular” and five “genital” plates. In the adult 
the central plate is no longer distinct. The ocular or radial 
plates bear eye specks; the genital or basal plates bear 
the apertures of the genital ducts, and one of the five bears 
the perforated madreporic plate From pole to pole run 
ten meridians of calcareous plates, which fit one another 
firmly ; five of these (in a line with the ocular plates) are 
known as ambulacral areas, for through their plates the 
locomotor tube-feet are extruded , the five others (in a line 
with the genital plates) are called inter-ambulacral areas, 
and bear spines, not tube-feet. Altogether, therefore, there 
are ten meridians, and each meridian area has a double 
row of plates. On the dry shell from which the spines 
have been scraped, the ambulacral plates are seen to be 
perforated by small pores, three pairs or so to each plate. 
Through each pair of pores a tube-foot is connected with 
an internal ampulla. In the starfish the ambulacral areas 
are wholly ventral, and the apical area seen on the dorsal 
surface of the young forms is not demonstrable in the adult 

On the shell there are obviously many spines, most 
abundant on the inter-ambulacral areas Their bases fit 
over ball-like knobs, and are moved upon these by muscles 
But besides these, there are modified spines — (a) several 
kinds of pedicellariae, with three snapping blades on a soft 
stalk, and sometimes with apical glands, and {b) small 
globular sphseridia, which show some structural resem- 
blances to otocysts. It is said that, like true otocysts, 
they are concerned with the perception of direction of 
motion. New spines and pedicellariae can be growm to 
replace those that are shed in unwholesome conditions or 
rubbed off by accident. This is the only marked regenera- 
tion m sea-urchins. 

In front of the mouth project the tips of five teeth, which 
move against one another, grasping and grinding small 
particles. They are fixed in five large sockets or pyramids. 
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and along with five stout braces ” (rotulae) and five curved 
compasses ’’ (radii) form ‘'Aristotle’s lantern,” a complex 
masticating apparatus, of whose history we know little It 
surrounds the pharynx, and is swayed about and otherwise 
moved by muscles, many of which are attached to five 
beams which project inward from the margin of the shell 
and form a “girdle” round about the mouth. 



Fig. 137 — Dissection of sea-urchin. 

M at the lov/er pole li. the mouth ; .1/ at the upper pole is the madreporic 
plate , T T ^ one of the large tentacular tube-feet around the mouth ; 

G , a shin-gill , ST , 3. standard or pengnath ; AT , an alveolus; 

T V , 3 radial vessel, with ampulla; (4.); intestine (ffti ) fixed by 
mesenteries , jP , a pedicellana , G , a gonad SP , spines , TP., 
tube-feet. 

As in other Echmoderms, the skeleton of lime is meso- 
dermic. The shell is covered externally by a delicate 
ciliated ectoderm, beneath which, in a thin layer of con- 
nective tissue, theie is a network of nerve fibres, and some 
ganglion cells. Internally, there is another thin layer of 
connective tissue, and a ciliated epithelium lining the 
body cavity. The skeleton grows by the formation of 
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new plates around the apical disc, and also by the indi- 
vidual increase of each In a few forms the shell retains 
some plasticity. 

The nervous system consists of a ring around the mouth, 
of radial branches running up each ambulacral area, and 
of the superficial network. Tube-feet, sphaendia, pedi- 
cellarife, and spines are all under nervous control, and each 
radial nerve ends in the “eye specks’^ of the apical “ocular 
plates ” It IS probable that all the tube-feet are sensory, 
and this is certainly the main function of ten which lie 
near the mouth. 

The alimentary canal passes through Aristotle’s lantern, 
and the intestinal portion lies in two and a half coils 
around the inside of the shell, to which it is moored by 
mesenteries It contains fine gravel, sand, and some 
organic debris. It ends near the centre of the apical disc, 
whence the pedicellariae have been seen removing the fseces. 

The spacious body cavity is lined by ciliated epithelium, 
and contains a “ perivisceral ” fluid, whose corpuscles have 
a respiratory pigment (echinochrome). When the fluid of 
a perfectly fresh sea-urchin is emptied out, the contained 
corpuscles unite in plasmodia, forming composite amoeboid 
clots (cfi Protomyxa^ etc,). 

The madreporic plate communicates with a membranous 
stone canal (calcareous in Ctdaris) w^hich runs downwards 
into a circular vessel near the upper end of the lantern. 
This gives off five inter-radial transparent “ Polian ” vesicles 
and five radial vessels, which run down the sides of the 
lantern and up each ambulacral area. Each radial vessel 
gives off numerous lateral branches, which communicate 
with the internal ampullae and thence with the external 
tube-feet. When the tube-feet are made tense with fluid, 
they extend far beyond the limit of the spines, and are 
attached to the surface of the rock over w^hich the sea- 
urchin slowly drags itself. The sucker at the tip of each 
tube-foot bears a rosette of small calcareous plates ; indeed, 
there is hardly any part of an Echinoderm in which lime 
may not be deposited. Before bending upwards from 
the base of the lantern, each radial vessel gives off a branch 
to two large tentacle-like tube-feet without attaching discs. 
The five pairs lie near the mouth, and are sensitive. 
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The blood vascular system is not readily traced, and there is un- 
certainty as to many points A “ dorsal or axial organ ” lies beside the 
stone canal, and seems to be connected with a ^‘genital ring'’ and 
with a ciicukr vessel around the gullet There is also a “pseud- 
haemal” system consisting of a circum-cesophageal sinus with radial 
branches The fluid cannot be distinguished from that of the bod} 
cavity ; it contains corpuscles, some of which are pigmented. 

On the area round about the mouth there are ten hollow 
outgrowths, which resemble the skin-gills of starfishes. 
There are also five large vesicles at the top of the lantern 
(“Stewart’s organs”) which may function as internal gills. 
As already mentioned, the pigmented cells of the body 
cavity fluid seem able to absorb oxygen. There is no 
doubt that the water vascular system plays a very important 
part in respiration It probably also aids in excretion. 

The sexes are separate, and indistinguishable externally. 
Five large branched yellow-brown ovaries or rose-white 
testes he inter-radially under the apex of the shell, and 
open by separate ducts on the five genital plates. In 
spring the apical disc may be seen covered with orange 
ova or milky-white spermatozoa. 

The eggs are fertilised externally by sperms wafted from 
adjacent sea-urchins, and the free-swimming larva is called 
a Pluteus. 

Classification. — 

The class may be divided into three sub-classes or groups of orders. 

Sub-Class I Regularia Endobranchiata. Mouth and anus at opposite 
poles ; the anus surrounded by the apical system of plates if these 
are developed ; no external gills 

e.g, the somewhat pnmitive Czdaris. 

Sub-Class IL Regulana Ectobranchiata Mouth and anus at opposite 
poles ; a double circle of apical plates surrounds the anus ; there 
are external gills. 

e g the common genera Echi?zus, Sirongyloceniroitis^ Arhacta 
The Echinothurmse have flexible tests and powerful muscles 
e g, Asthenosoina and Phormosoma. 

Sub-Class III. Irregularia. The anus lies outside the apical system 
of plates in the postenor inter-radius. 
e.g. the heart-urchins, Spatangus and Echinocardutm, without 
lanterns. In the related E^tmneus there is a lantern in the 
young forms. It is interesting to contrast the large massive 
Clypeaster wilih. the minute Echinocyamus pusillus, common 
in the stomach of cod-fishes- 
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Class Holothuroidea. Sea-Cucumbers 

Cylindrical or worvi-like Echinoderms^ elongated in the 
direction of the mam axis^ with more or less tendency to 
bilateral symmetry, with a usually soft or leathery skin, with 
irregularly scattered microscopic calcareous bodies, with a 
terminal mouth surrounded by tentacles, with a posterior anus, 
with or without tubefeet, with no external madreporite, with 
a muscular body wall. 

The Holothurians do not at first sight suggest the other 
Echinoderms, for they are like plump worms, and the 



Fig. 138. — Spicules of Holothurians. — After Semon. 

The senes 1-6 shows stages in the development of an anchor and a plate 
in a Synapta. The senes A-B shows stages in the development of 
a wheel in Chiridota^ a Synaptid. 


calcareous skeleton is not prominent. But closer examina- 
tion shows the characteristic pentamerous symmetry, and 
the occurrence of calcareous plates in the skin. These 
seem to be absent in the unique pelagic Pelagothuria. 

Holothurians occur in most seas, from slight to very 
great depths. Their food consists of small animals, and of 
organic particles from the sand. Some of them catch these 
in their waving tentacles, which are then plunged into the 
pharynx. The muscles of a captured Holothurian often 
over-contract and eject the viscera at the ends or through 
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a side rupture; in this way the animal may sometimes 
escape, and the viscera can be regrown. 

In Synapta the rupture of the body takes place \ ery rapidly, and is 
probably defensi\ e the anteiior portion re-forming a complete indi\ idual. 
In some foims of Cuctunaria plant i the body dnides h\ stricture, 
torsion, 01 stretching into two oi three equivalent parts, each of which 
may regenerate the whole In this case the autotomy seems to be 
reproductive 

The worra-like body is often regular in form, with five 
equidistant longitudinal bands, along which tube-feet emerge 
But three of these ‘‘ambulacral areas” may be approxi- 
mated on a flattened ventral sole, leaving two on the 
convex dorsal surface, and there are other modifications of 
form. In many cases the tube-feet are modified into 
pointed papillae. 

The] body wall is tough and muscular, consisting of 
epidermis, dermis, and circular muscles, and there are 
paired longitudinal muscles along each radius. A skeleton 
IS represented by scales, plates, wheels, and anchors of lime 
scattered in the skm, and by plates around the gullet and 
on a few other regions. 

The nervous system consists of a circumoral ring in 
which the five radial nerves running in the ambulacral areas 
unite, and from which nerves to the tentacles arise. The 
ring and the radial nerves are sunk below the skin. 
Coelomic nervous tissue is developed on the perihsemal 
canals. Sense organs are represented by the tentacles, 
which sometimes have “ear-sacs” at their bases, and by 
tactile processes on the dorsal surface of some of the 
creeping forms. 

From the terminal or ventral mouth, surrounded by five, 
ten, or more tentacles, the food canal coils to the opposite 
pole. There it expands in a cloacal chamber sometimes 
contractile, and from this are given off m many forms a 
pair of much-branched “respiratory trees,” which extend 
forward in the body cavity. These “ trees ” are supplied 
with water by means of the rhythmic contractions of the 
cloaca. They are respiratory, hydrostatic, and excretory. 
The body fluid sometimes contains a red pigment like 
hemoglobin. Arising from the base of the respiratory trees 
in some Holothunans there are the remarkable “ Cuvierian 
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organs,” consisting of numerous tubes, in most cases gland- 
ular. The Holothurian can eject these tubes through the 
cloaca, the wall of which is apparently ruptured in the 
process The tubes are very viscid, and seem to grow 
longer in the water ; they will adhere to almost everything 
but the Holothurian itself. Those Holothunans in which 
the organs are well developed are often called “cotton- 
spinners,” on account of the dense mass of viscid substance 
which they eject. A little fish, Fierasfer, introduces itself — 
tail first — into the cloaca of several Holothunans, and lives 
there as an innocent commensal 

The water-vascular system shows many peculiarities In what, by 
analogy with the other classes, may be described as the primitive 
condition, there is a ring canal round the mouth communicating with 
the exterior by a stone canal, with one or more Polian vesicles hanging 
m the body cavity, and with five radial canals The radial canals, as 
m starfishes and sea-urchins, are connected with internal ampullae and 
external tube-feet The anterior tube-feet are greatly enlarged and 
modified to form the tentacles which encircle the mouth. It is, how- 
ever, only rarely that the water-vascular system exhibits this primitive 
condition. In most cases the stone canal loses its original connection 
with the exterior and opens merely into the body cavity , often it is 
repiesented by numerous small canals, hanging freely m the body 
cavity (Fig 139, st ). Certain of the tube-feet are always modified to 
form tentacles, and these may, as in Synapta, be the only representatives 
of the tube- feet. In regard to the function and degree of development 
of these, there is indeed much variation. 

The blood-vascular system consists of a circum-oesophageal ring and 
vessels to the alimentary canal and the gonads. The system is in great 
part lacunar. There is also a pseud-hsemal system. 

The sexes are usually separate. The reproductive organs 
do not exhibit radial symmetry, and are branched tubes 
which open within or just outside the circle of tentacles. 
Like other internal organs of Holothurians, they are often 
very brightly coloured. The larva is, in most cases, what 
is known as an Auricularia, Sometimes, however, the 
larval stage is skipped, as in CucumaHa crocea and Psolus 
ephippifer^ where the eggs and young are attached to the 
back of the mother. In C. curata the eggs and young are 
sheltered on the ventral surface ; in C parva in a shallow 
ventral insinking; in C. Icevigata there is an mvaginated 
ventral brood-pouch ; in Chiridota cofiiorta the young are 
sheltered in the genital tubules ; in Synapta vivipara and 




/ , Tentacles surrounding the mouth , i yC, scattered tube-feet of 
ventral surface , c , calcareous ring surrounding the food canal , 
a , ampullae of tentacles (modified tube-feet) , r ^ circular vessel 
surrounding the gullet, gi\mg off the branched stone canal {st ), 
the single Polian vesicle (<?), and the fi\’e radial canals (r r ), 
which run forwards, pass through the calcareous ring, and then 
curve outw^ards to run on the surface of the longitudinal 
muscles (/ m ) along ^-he radial areas Of the five longitudinal 
muscles, one only is maiked , The gut cut through at the 
beginning of the first loop , j/i , the mesentery which attaches 
the gut to the body wall, sho^^ing the course of the gut , ^ 

the other end of the gut , c4, the cloaca bound down by muscles , 
an , the anus ; r if., the right respiratory tree — the left is cut short 
close to its origin , ot’ , the ovary The blood vessels are not 
shown. 
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some others the body cavity serves as a brood-pouch. This 
illustrates how the same result may be reached m a great 
variety of ways 

The calcareous plates of Holothurians are found as far 
back as Carboniferous strata. 

As ‘^repang” or “ beche-de-mer,” the Holothurians of 
the Pacific form an important article of commerce, being 
regarded as a delicacy by the Chinese. 

Classification.— 

Older I Actinopoda The ladial water vessels are associated with 
e.xternal tentacles, tube-feet, and ambulacral papillae, but the 
tube-feet and papillae may be absent Theie aie several 
families, e ^ the deep-sea Elasipoda, markedly bilateral, almost 
always flattened ventialh, often wnth an external poie for the 
stone canal, Elpidia and KoIga\ the Aspidochirotse, eg, 
Holothuna and Siichoptis^ and Dendrochirotre, e g Cticimiana^ 
Thjwze, P^olus, with tube-feet as well as tentacles; the Molpa- 
diidre with tentacles only, e.g Molpadta ; the PelagothuiiidEe 
containing the fiee-swimming PelagoiJmz'ia 

Ordei 2 Paiactinopoda or Apoda The only external outgrowths of 
the w ater- vascular system are the pinnate tentacles around the 
mouth One family, Synaptidm, eg Syziapta and Chz'idota 
There are no tube-feet or respiratory trees or Cuvienan organs. 
The calcareous bodies aie usually beautiful anchors and plates. 
Many are hermaphrodite. 


Class Crinoidea. Feather-stars 

Usually stalked forms, with five jointed, ofteii branched 
arms brachia”), grozving out fro7n a ce7itral cup or 
thecaP a7id bearDig pi7i7iules , the ar7?is arise from a 
cori^esponding fiumber of thecal plates or ^^radialsf below 
which there is a circlet of alternating ^^basals,^^ ojten with 
^Hnfra-basals^^ alter natmg again with them, below the 
^^basals^^ or infra-basals^^ there is usually a joifited stem 
anchored to the substratum by ^^cirriP 

The feather-stars or sea-lilies differ from other Echino- 
derms in being fixed permanently or temporarily by a jointed 
stalk. The modern Comatulids, eg the rosy feather-star 
( Comatula or Antedon rosacea) leave their stalk at a certain 
stage in life , but the other Crinoids, e g. Pentacrinus, are 
permanently stalked, like almost all the extinct stone-lilies 
or encrinites, once so abundant. Most of them live in deep 
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water, and many in the great abysses An anchorage is 
found on rocks and stones, or m the soft mud, and great 
numbers grow together — a bed of sea-lilies. The free 
Comatulids swim gracefully by bending and straightening 
their arms, and they have grappling “ cirn ” on the aboral 
side, where the relinquished stalk was attached. By these 
cirri they moor themselves temporarily. Small organisms — 
Diatoms, Protozoa, minute Crustaceans — are wafted down 
ciliated grooves on the arms to the central mouth, which 
is of course on the upturned surface. Some members of 



Fig 140 — Diagrammatic vertical section through disc and 
base of one of the arms of Aniedon rosacea. — After 
Milnes Marshall 

The section is inter-radial on the left, radial on the right, i , Cili- 
ated openings in bod> wall , h , sub-epithelial ambulatral nerve ; 
I , water-vascular canal , k , tentac’e , r , mouth , s , intes,tme , 
£■., central plexus, with “chambered organ” at its base;y’, 
coelom : , radial plates , brachial plates , u , muscle ; 

a , axial nerve-cord , c/ , central capsule ; C I?., centro-dorsal 
plate , / , cim ; e., nerve branches from central capsule to cirn. 


the class, Co/nafula, are infested by minute parasitic 
“ worms ” (Myzostomata) allied to Cbsetopods, which form 
galls on the arms. A lost arm can be replaced, and even 
the visceral mass may be regenerated completely within a 
few weeks after it has been lost. It has been suggested that 
the occasional expulsion of the visceral sac frees the Crinoid 
from parasites (Dendy). 

The animal consists of (i) a cup or calyx, (2) an oral disc forming the 
lid of this cup, (3) the radiating arms,”_ and (4) the stalk supporting 
the whole. The lowest part of the cup is supported by a pentagonal 

18 
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“ centio-doisar’ ossicle, beaimg the cun, this conceals the coalesced 
basals” of the larva , above this aie three tieis of “ladials,” whence 
spring the biachials’’ of the aims 

The oial disc, turned upwaids, is supported by plates Here the 
anus also is situated The arms usuall} branch in dichotomous fashion, 
and thus ten, t\\enty, oi moie may arise from the oiiginal fi\e But the 
glowing point continues to fork dichotomously, like the leaf of many 
ferns, and as each alternate fork remains short, a double series of lateral 
‘ ' pinnules ” results The aims aie supported by calcareous plates The 
stalk usually consists of numerous joints, especially in extinct forms, in 
some of which it measured over fifty feet in length Except in Holopus, 
Hyotrinus^ and in the stalked stage Antedon^ the stalk bears lateral 
Clin. 

The neiwous system consists [a] of a ciicumoral ring with ambulacral 
nerves, and (d) of axial coelomic neives up the ossicles on the opposite 
side of each arm and connected with a peculiar chambeied oigan” 
in the interior of the centio-doisal plate. 

Apart from the superficial epithelium, there are no sensoiy structures. 
The ciliated food canal descends from the mouth into the cup, and 
curves up again to the anus, which is on a papilla The last pait of 
the gut is expanded to form an anal tube, which during life is in con- 
stant movement, and has apparently a respiiatory function From the 
cup, where the body cavity is m great part filled with connective tissue 
and organs, four coelomic canals extend into each of the arms. They 
communicate at the apices of the arms and pinnules, and currents pass 
up one and down the othei 

The blood-vascular system consists of a circumoral ring, which is 
connected with a radial vessel under each ambulacral nerve, and with a 
circum-oesophageal plexus. 

The water- vascular system consists as usual of a circumoral ring and 
radial vessels, but in several respects it shows remaikable modification 
The madreponte of other forms is represented by fine pores which open 
from the surface of the calyx directly into the body cavity, and which 
may be very numerous ; theie are said to be 1500 in Atitedon rosacea 
By these pores water enters the body cavity, and fiom it enters the 
numerous stone canals which hang from the iing freely in the body 
cavity, and open into it near the pore canals There are no Polian 
vesicles or ampullm, the tube-feet aie small, are arranged in gioups of 
three, and are connected by delicate canals with the radial vessels 
Certain of them form tentacles around the mouth, and these are supplied 
by canals coming off directly from the ring canal. 

The sexes are separate. The reproductiie oigans extend as tubular 
strands from the disc along the aims, but are rarely functional except 
m the ptnmtles^ from each of which the elements burst out by one duct 
m females, by one or tw'o fine canals in males 

The oval ciliated larva of Antedon^ the only one known, is less 
peculiar than that of other Echinoderms 
There are about 400 living species m twelve geneia, but about 1500 
species m 200 genera are known from the rocks The class is obviously 
decadent. It is represented in the Cambiian, and attained its maximum 
development in Silurian, Devonian, and Carboniferous times. 
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The lecent forms include the stalked PeMacrimcs^ Rkizoi? inns, etc., 
and the free Comatulids, which pass through a stalked Pentacrinus 
stage, e g. Antedon, 


Class Edrioasteroidea. Wholly extinct 

These extinct Pelmatozoa had a sac-like theca of an indefinite number 
of irregular plates, with a mouth in the centre of the upper surface, 
with at most a sliort stalk. Ordovician, Silurian, and Devonian 
“ They are alone among Pelmatozoa in presenting a type of ambulacrum 
fiom which the holothurian, stellerid, and echinoid types may readil} 
be derived” (F. A. Bather). 


Class Blastoidea. Wholly extinct 

The Blastoids are first found in the upper Silurian, later than Cystoids 
and Crmoids; they had their golden age in the Carboniferous and 
Devonian times, but then disappeared Their body was o\ate, with 
fi\e ambulacral areas, with each gioove of which jointed pinnules w^ere 
associated. 


Class Cystidea. Wholly extinct 

The Cystidea are first found in the Lower Silurian rocks, had their 
golden age in Upper Silunan times, and died out in the Carboniferous 
penod. Their body was ovate or globular, sessile or shortly stalked, 
coveied with polygonal plates often irregularly ai ranged. 


Development of Echinoderms 

The ovum undergoes total segmentation, and a hollow 
ball of cells or blastosphere results. A typical gastrula is 
formed by invagination. 

The mesoblast has a twofold origin : (a) from “ mesen- 
chyme ” cells, which immigrate from the invaginated endo- 
derm into the segmentation cavity , [b) from the outgrowing 
of one or more coelom pouches (vaso-peritoneal vesicles) 
from the gastrula cavity or archenteron. From these 
vesicles the body cavity and the rudiments of the water- 
vascular system arise. 

The larva is, first of all, a slightly modified, diffusely 
ciliated gastrula. In Holothuroids, Echinoids, Asteroids, 
and Ophiuroids, it becomes quaintly modified by the 
outgrowth of external processes, and the formation of 
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Special ciliated bands. These are at first simply pre-oral 
and pre-anal rings, but they become drawn out along 
variously disposed and shaped processes. The larva of 
Crinoids (of Antedon) is not so divergent. In all cases 
the bilateral symmetry is preserved. 

The larva does not grow directly into the adult. On the 
contrary, the adult arises, for the most part, from new 
growth within the larva on one side. The arms or pro- 
cesses peculiar to the larva are absorbed or in part thrown 
off. Only in a few forms which have brood-chambers or 



Fig. 141. — Stages in development of Echinoderms. — After Selenka. 

I Section of blastula of Synapta digiiaia (Holothuroid), with a hint of 
gastrulation 2 Section of gastrula of Toxopneusies hrevtsptnostcs (sea- 
urchm) , ec , ectoderm ; en , endoderm ; m , segmentation cavity with 
mesenchyme cells in it 3. Section of larva of Asienna gzbbosa (star- 
fish) ; BL^ blastopore , g , archenteron v p , vaso-pentoneal vesicle , 
r and I , right and left sides 


are viviparous is the development direct, and without free- 
swimming larvae. 

The celebrated comparative anatomist and physiologist, Johannes 
Muller, was the first to show that the various types of Echinoderm 
larvse might be derived from one fundamental form. 

“ This fundamental type is an elongated, oval, or pear-shaped larva, 
which is somewhat flattened on its ventral side. It has arisen from a 
gastrula whose blastopore has become the anus, while the archenteron 
is bent towards the ventral surface, where it communicates by the laival 
mouth with the extenor. Besides these two apertures, the larva has a 
third, namely, the dorsal pore of the water-vascular system. The cilia, 
with which the lan^a was at first uniformly covered, partly disappear, 
and persist only in restricted regions or ciliated bands’" (Korschelt and 
Heider) 

Crinoids . — The simplest Echinoderm larva is that of Antedon, a 
somewhat modified oval, with five transverse nngs of cilia (the most 
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anterior is less distinct), and a posterior terminal tuft Eventually the 
posterior end is elongated to form, m the pentacrmoid stage, an attach- 
ing stalk, which IS afterwards absorbed As all the extinct Ciinoids 
are permanently stalked, there is here an instance of Recapitulation. 

Holothitiotds — The larva of Holothiiroids (an Auiitidand) is much 
quainter. Its diffuse cilia are succeeded by a wavy longitudinal band, 
which in the pupa stage breaks into tiansverse rings, usually five in 
number 'fhe pre-oral region becomes large. 

AsUrozds , — Nearest the Aunczdana is the larva of starfishes, which 
has the same enlarged pre-oral region Theie are two ciliated bands, 
of which the ad-oial is smaller, the ad-anal much larger. They are 
extended peripherally by the de\elopment of soft bilateral arms, and 
such a larva is known as a Bipuinatza But another larval form in 
Asteroids is the Bmchiolatia stage, m w^hich thiee w^arty arms are 
formed at the anterior dorsal end, independently of the ciliated bands 

Opkzzooids and Etkinoids — In the PhUeus larv^-e (Fig 131) chai- 
acteristic of these classes the piC'Oral region remains small, while the 
post-anal region becomes large Theie is one undulating ciliated 
band, the course of w'hich is much modified by the grow^th of six long 
arms, with temporary calcaieous supports This quaint foim is often 
compared to a six- legged easel. 

The development of these lar\al forms into the adult is very intricate 
The adult is a new formation within the larva, retaining the water- 
vascular system and mid-gut, but absorbing or rejecting the provisional 
larval structures As certain parts are broken down, otheis are built 
up, chiefly through the agency of the wandering amoeboid cells of the 
mesenchyme The fiist steps in the upbuilding of the adult, and 
especially of its skeleton, are to some extent parallel in the five classes 

One of the most important changes is that from bilateial to radial 
symmetry In connection with this, it has been conjectured that the 
primitive ancestor was bilaterally symmetrical, and that the radiate 
symmetry was acquired by early sessile or sedentary Echmoderms, such 
as the Cystoids. As w^e have already seen, the adults m the different 
classes tend to acquire an independent and secondaiy bilateral symmetry 

It IS very difficult to compare the Echmodeim larvK, even in their 
simplest form, with those of other animals. The nearest type is perhaps 
the Tomaria of Balanoglossus^ but it again is very unique One 
naturally tries to compare the Echinoderm laiwa with the Trochosphere 
of Annelids, but the differences are very marked. One of the most 
marked of these is the absence of the apical sense organ, so charac- 
teristic of the Trochosphere. The fact that this is represented m the 
larva of Antedon is regarded by many naturalists as a point of much 
importance. 


Relaiionships of Echinoderma 

The Echmoderms form an exceedingly w'ell-defined phylum, but 
the Holothurians especially show how many of the significant char- 
acters may be lost In that class we see how^ the pow'er of forming a 
calcareous skeleton, the characteristic tube-feet, and the greater part of 
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the peculiar water- vascular s}stem, may all disappear ; it is concenable 
that further modification of the same kind might eliminate all the dis- 
tinctively Echmoderm characteis, and piodiice an organism whose 
systematic position would be very difficult to determine. This is 
impoitant, because, as we have already seen, theie aie mam “worm- 
like” types of whose affinities we know nothing That some of these 
are related to Echinodeims has been often suggested 
It IS conceivable that Holothurians of the worm -like Synapta type 
are nearest the primitive stock of Echmoderma But there are strong 
aiguments in favour of the view that the free forms, the Eleutherozoa, 
have been derived from attached Pelmatozoic ancestor^. The extinct 
Edrioasteioidea are m some w^ays inteimediate between the C}stidea i 
and the Eleutherozoa 



CHAPTER XIII 

PHYLUM ARTHROPODA 

Chief Classes — Crustacea, Prototracheata, Myriopoda, 
Insecta, Arachnoidea, Pal^ostraca 

More than half the known species of animals are included 
in the Arthropod phylum, for of insects alone there are said 
to be more species than of all other animals taken together. 

The Arthropods are in some ways like Annelids — in the 
bilateral symmetry, in the division of the body into suc- 
cessive segments, some or all of which bear appendages , in 
the plan of the nervous system \ and so on. Furthermore, 
Fenpatus^ which has air-tubes or trachese somewhat similar 
to those of Myriopods and Insects, has nephridia like those 
of some Annelids ; and the biramose appendages of a simple 
Crustacean like Apus may be compared with the parapodia 
of an Annelid. 

It is difficult to discern the relationships of the various 
classes included in the Arthropod phylum. Crustaceans, 
most of which are aquatic and breathe by gills, are often 
opposed to the Prototracheata, Myriopods, Insects, and 
Arachnoids, most of which are terrestrial or aerial, and 
breathe by tracheae, or possible modifications of these 
Three divergent groups — the King-crabs {Limulus\ and 
the extinct Eurypterids and Trilobites — may be conveniently 
referred to a separate class — Palaeostraca. 


General Characteristics of Arthropods (to which primitive, 
parasitic, and degenerate forms present exceptions) 

The body is bilaterally synmietrical^ and consists of numer- 
ous segments variously grouped. Several or all of the segments 
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bear paired jointed appendages variously modified. The 
cuticle is chitinous. Ciliated epithelium is almost always 
absent. The dorsal brain is connected by a ring round the 
gullet with a double chain of ventral ganglia Above the food 
canal lies the heart. The true or primitive avlom is always 
small in the adult ; the apparent body cavity is of secondary 
origin^ and has in a great part a blood-carrying or vascular 
function. The sexes are almost always separate.^ the reproduc- 
tive organs and ducts are usually paired. There is often 
some metamorphosis in the course of development. In habit 
the Arthropods are predominantly active. 


Class Crustacea 

General Characteristics of Crustaceans (to which primitive, 
parasitic, and degenerate forms offer exceptions) 

With the exception of the land-crabs^ wood-lice^ and 
sandhoppers, the Crustaceans live in water and b/eathe by 
gills or through the skin. The head carries two pairs of 
antennce in addition to other appendages ^ the thorax or 
median part of the body, sometimes distinct from, and some- 
times fused to the head, also bears limbs ^ the posterior region 
or abdomen is usually segmented, and often furnished with 
appendages. The typical appendage consists of two branches 
and a basal portion, to which gills may be attached. To the 
chitin of the cuticle, carbonate of lime is added. 

A Type of Crustacea. The fresh-water Crayfish 
(Astacus fiuviatilts) 

(Most of the following description will apply also to the Lobsters 
Homarus and Pahmcrns, and to the Nor'way Lobstei {N&phrops 
norvegicus), often called a crajfish ) 

Mode of life. — The fresh-water crayfish lives in streams, 
and burrows in the banks. It is not found m Scotland, but 
occurs here and there in England and Ireland, and is 
common on the Continent. It is not found in districts 
where the water contains little lime. The food is very 
varied — from roots to water-rats , cannibalism also occurs. 
The animals swim backwards by powerful tail strokes, or 
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creep forwards on their ‘Svalkmg legs ” Their life is toler- 
ably secure, but the frequent moultings during adolescence 
are expensive and hazardous. When hatched the young are 
like miniature adults ^ for a time they cling beneath the tail 
of the mother. 

External appearance. — The head and thorax are covered 
by a continuous (cephalothoracic) shield ^ the abdomen 
shows obviously distinct segments movable upon one 
another. As indicated by the appendages, there are three 
groups of segments or metameres — five in the head, eight 
in the thorax, six in the abdomen, as well as an unpaired 
piece or telson on which the food canal ends. Each of the 
nineteen segments bears a pair of appendages. Among 
other external characters may be noticed the stalked 
movable eyes, the two pairs of feelers, the mouth with six 
pairs of appendages crowded round it, and the gills under 
the side flaps of the thorax 


The Body Wall 
consists of — 


(1) The external shell or cuticle, composed of 

various strata of chitin, coloured with pig- 
ments, hardened with lime salts ; 

(2) The ectoderm, epidermis, 01 hypodermis, 

which makes and remakes the cuticle ; 

(3) An internal connective tissue layer or dermis, 

with pigment, blood vessels, and nerves. 
^ Internal to this he the muscles. 


Between the rings and at the joints the cuticle contains 
no lime, and is therefore pliable. It is a layer not m itself 
living or cellular, made by the underlying living skin. As it 
cannot expand, it has to be moulted periodically as long as 
the animal continues to grow. The old husk becomes 
thinner, a new one is formed beneath it, a split occurs 
across the back just behind the shield, the animal with- 
draws its cephalothorax and then its abdomen, and an 
empty but complete shell is left behind The moulting is 
preceded by an accumulation of glycogen in the tissues, and 
this is probably utilised m the rapid growth which intervenes 
between the casting of the old and the hardening of the 
new shell. 


Plow thorough the ecdysis 01 cuticle-casting is may be appreciated 
from the fact that the co\ ering of the eyes, the hairs of the ears, the 
lining of the fore-gut and hind-gut, the gastric mill, and the tendinoys 
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inward prolongations of the cuticle to which some of the muscles are 
attached, are all got rid of and renewed The moults occur in the w arm 
months, eight times in the first >ear, five times in the second, thrice 
in the third, aftei which the male moults twnce, the female once a 
year, till the uncertain limit of growth is reached It is not clearly 
known in what foim the animals procure the carbonate of lime which is 
deposited m the chitmous cuticle, but Irvine’s experiments ha\e shown 
that a caibonate of lime shell could be formed by crabs even when the 
slight quantity of carbonate of lime in sea -water was replaced by the 
chloiide Moulting is an expensive and exhausting process, and great 
mortality is associated wdth the process itself or with the defenceless 
state which follows It is the necessary tax attendant on the 
advantage of armature Inequalities in the legs are usually due to 
losses sustained in combat, but these are gradually repaired by new 
grow'th. 

The surface of the body bears setae or bristles of various 
kinds. These have their roots in the epidermis, and are 
made anew at each moult. There are simple glands 
beneath the gill-fiaps, and on the abdomen of the female 
there are cement glands, the viscid secretion of which 
serves to attach the eggs. 

Appendages. — The limbs of a Crustacean usually exhibit 
considerable diversity ; in different regions of the body they 
are adapted for diferent work; yet all have the same 
typical structure, and begin to develop m the same way. 
In other words, they are serially ho7Jiologous orga7iSy illus- 
trating division of labour. Typically each consists of a 
basal piece or profopodiie, and two jointed branches rising 
from this — an internal etidopodite and an external exopodite'^ 
but in many the outer branch disappears. 

The protopodite has usually two joints — a basal or proximal coxo- 
podite, and a distal basipodite ; the five joints which the endopodite 
frequently exhibits aie named fioni below upwards — ischio-, mero-, 
carpo-, pro-, dactylo-podites— details of some use m the companson 
and identification of species 

The stalked eyes are not included in the above list, since their develop- 
ment is not like that of the other appendages; but cases where an 
excised eye has been replaced by an antenniform structure suggest that 
the Qy^-stalk may be of the nature of an appendage. 

With many of the thoracic appendages, gills, plate-hke epipodites, 
and setse are associated. 

It is interesting to connect the structure of the appendages with their 
functions. Thus it may be seen that the great paddles are fully spread 
w'hen the crayfish drives itself backw’ards with a stroke of its tail, while 
in straightening again the paddles are drawn inwards, and the outer 
joint of the exopodite bends in such a w^ay that the faction is reducedt 
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THE APPENDAGES OF THE CRAYFISH 


No 1 Name 

Funxtion 

Structure 

1 Antennules (pre- 

oral 

2 Antennae (pre- 

oral O 

3 Mandibles 

Tactile, olfactorj% 
with ear - sac at 
base 

Tactile, opening of 
kidney at base 
Masticatory 

Tuo branches, but probably 
not homologous with endo- 
podite and exopodite , 

Small exopodite I 

Four joints, of which three ! 
form the palp (endopodite 
and upper joint of proto- 
podite) 

1 4 j ist Maxillae 

i 


Thinsingle-jointedprotopo- 
dite, small endopodite, no 
exopodite 

1 5 2nd Maxillse 

i 

Produces respira- 
tory current 

Thin protopodite, filamen- 
tous endopodite , the 
“baler” is formed from 
the epipodite, probably 
along with the exopodite 

1 6 j ist Maxillipedes 

I ’ (foot-jaws) 

i 

Thin protopodite, small en- 
dopodite, large exopodite 

J 2nd Maxillipedes. 

j 

? 1 

' Two - jointed protopodite, 
five -jointed endopodite, 
i long exopodite 

! 8 3td Maxillipedes 

1 1 

j 

Masticatory 1 

'Two -jointed protopodite, 
large five-jointed endopo- 
dite w’lth strong teeth on 
Its ischiopodite, slender 
exopodite 

j g Forceps (chelate) 

J 10 Walking Legs 
! (chelate) 

11 jj » 

12 jj 

Fighting, seizing , 

Walking 

Genital opening in ; 
female j 

No exopodite In the claw 
the last joint bites against i 
a prolongation of the { 
second last 

Without chelae 

13 1 

Genital opening in 
male. 


14 ^ Modified swim- 
' merets in male, 
j j in female, rudi- j 

( Serve in the male 
i as canals for the 

1 seminal fluid 

Protopodite and endopodite 
form a canal, no exopodite 

1 


mentary 


i:^ < Modified swim- 
1 merets in male, 
normal in female 
x6 1 Swimmerets. 

rMove slightly like 

All the three parts 

^7 

j oars, and carry 


18 „ 

j the eggs in the 

JJ 

1 

19 Great paddles 

V. female 

I mportant in swim- 



ming 

1 




Fig. 142. — Appendages of Norway lobster. 

JSjtr , Exopodite . , endopodite ; protopodite dark throughout ; epipodtte. 

I Antennule — E , position of ear; 2- antenna — K , opening of kidney; 3. mand- 
ible — P , palp , 4 first maxilla ; 5. second maxilla — P , baler , 6 first maxilli- 
pede ; 7. second maxilhpede ; 8. third maxilhpvede — the basal joint of the proto- 
podite is called coxopodite, the next basipodite ; the five joints of the endopodite 
are called — ischiopodite (1 ) ; meropodite (m ) ; carpopodite (c ) , propodite (/^ ) ? 
dactylopodite (1^ ) ; 9. forceps — (7) coxoj^ite , (6) basipodite^ the joints of the 
endopodite are num^red , 10-13 walking legs , 14 modified male appendage , 
15-18- small swimmerets ; 19. large paddle. 
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It IS likely that some of the crowded mouth-paits, e.g the first 
maxillae, are almost functionless. The hard toothed knob which foims 
the greater part of the mandible is obviously well adapted to its ciush- 
ing work 

In connection with the skeleton, the student should also notice the 
beak {rostium) pi ejecting between the eyes; the triangular aiea 
{epistoma) in front of the mouth, and the slight upper and lower lips ; 
and the lateral flaps of the body wall which project the gills Each 
posterior segment consists of a dorsal aich [tergit?n)^ side flaps [pietira)^ 
a ventral bar {ste}nu}n), while the little piece betw^een the pleiiro7t and 
the socket of the limb is dignified by the name of epimeron The 
hindmost piece {felson), on which the food canal ends ventrally, is 
regarded by some as a distinct segment The most difficult fact to 
understand clearly, is that the cuticle of cextain appendages {e g. 
the mandibles), and of the vential region of the thorax, is folded inwards, 
forming chitinous “ tendons” or insertions for muscles, and, above all, 
constituting the complex, apparently, but not really, internal, 

endophragmal ” skeleton of the thorax, protecting the ventral neive- 
cord and venous blood sinus 

Muscular system — The muscles are white bundles of 
fibres, which on minute examination show cleaily that trans- 
verse striping which is always well marked m rapidly con- 
tracting elements. The muscles are inserted on the inner 
surface of the cuticle, or on its internal foldings (apodemata). 
The most important sets are — (i) the dorsal extensors or 
straighteners of the tail , (2) the twisted ventral muscles, 
most of which are flexors or benders of the tail, which have 
harder work, and are much larger than their opponents , 
(3) those moving the appendages ; (4) the bands which 
work the gastric mill. 

Nervous system. — The supra-oesophageal nerve-centres 
or ganglia, forming the brain, have been shunted far forward 
by the growth of the pre-oral region We thus understand 
how the nerve-ring round the gullet, connecting the brain 
with the ventral chain of twelve paired ganglia, is so wide 

The dorsal or supra-oesophageal ganglia are three-lobed, 
and give off nerves to eyes, antennules, antennae, and food 
canal, besides the commissures to the sub-oesophageal 
centres. They act as a true brain. 

The sub-oesophageal ganglia, the first and largest 'of the 
ventral dozen, innervate the six pairs of appendages about 
the mouth. There are other five ganglia in the thorax, and 
six more in the abdomen. 

Though the ganglia of each pair are in contact, the 
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ventral chain is double, and at one place, between the fourth 
and fifth ganglia, an artery (sternal) passes between the two 
halves of the cord. From each pair of ganglia nerves are 
given off to appendages and muscles, and apart from the 
brain these minor centres are able to control the individual 
movements of the limbs. In the thoracic region the cord is 
well protected by the cuticular archway already referred to. 


Fiom the biain, and from the 
commissure between it and the 
sub-oesophageal ganglia, nerves 
are given off to the food canal, 
forming a complex visceral or 
stoinato-gastnc system. Simi- 
larly, from the last ganglia of the 
ventral chain, nerves go to the 
hind-gut If the biam b^e legard- 
ed as the fusion of t\\ o pair^ of 
ganglia, as the development sug- 
gests, and the sub-oesophageal as 
composed of six fused pans, then 
these, along with the eleven other 
pairs of the ventral chain, gi\e 
a total of nineteen nerve-centies, 
— a pair for each pair of append- 
ages. 

Sensory system. — A skin 
clothed with chitin is not 
likely to be in itself very 
sensitive, but some of the 
setae are, and some ob- 
servers describe a pen 
pheral plexus of nerve-cells 
beneath the epidermis. 
The setae are not mere 



acher 

7 n , Muscle uf ej e-stalk; 1-4 ganglionic 
swellings in the course of the optic 
nerve; «, the nerve fibrils passing up 
to the letinulru, ?/i: , the rhabdoms , 
te , elements of retmulai , p , band of 
pigment, t , crvstailme cones, "a?, the 
corneal facets with the subjatent nuclei 


outgrowths of the cuticle, but are continuous with the 
living epidermis beneath ; and though some are only fringes, 
both experiment and histological examination show that 
others are tactile. 

On the under surface of the outer fork of the antennules 
there are special innervated sette, which have a smelling 
function. 

Other specialised setae have sunk into a sac at the base 
of the antennules, and are spoken of as auditory. The sac 
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opens by a bristle-guarded slit on the inner upper corner of 
the expanded basal joint, and contains a gelatinous fluid 
and small “ otoliths,” which appear to be foreign particles. 
This ‘‘ear” seems to be an equilibrating organ, connected 
with directing the animal’s movements. In some other 
Crustaceans the auditory hairs are lodged in an open de- 
pression, this has become an open sac in the crayfish, a 
closed bag in the crab. Small setse on the upper lip of 
the mouth have been said to have a tasting function. 

The stalked eyes, which used to be regarded as append- 
ages, arise in development from what are called “ procephalic 
lobes” on the head. They are compound eyes — that is, 
they consist of a multitude of elements, each of which is 
structurally complete in itself. On the outside there is a 
cuticular cornea, divided into square facets, one for each 
of the optic elements, beneath this he, as m other parts 
of the body, the nucleated epidermal cells. Then follows a 
focussing layer, consisting of many crystalline cones. Each 
crystalline cone is composed of four crystalline cells, which 
taper internally, and externally secrete a firm crystalline 
body. The bases of the crystalline cones are surrounded 
by the retinula cells Each retinula consists of five 
elongated cells arranged about a central axis. Distally, 
this axis is formed by the crystalline cone, proximally by 
a little rod or rhabdom. The rhabdom consists of four 
little red rods closely apposed together, and connected by a 
nerve-fibre with the optic ganglion, which lies at the end of 
the optic nerve. The proximal ends of the retinal cells are 
deeply pigmented. Thus each element consists of corneal 
facet, crystalline cone, and retinula, and the retinula consists 
of internal rhabdom and external retinula cells. Between 
the individual optic elements he some pigment cells. The 
retinule image is erect, not inverted as in the eyes of 
Vertebrates. 

Alimentary system. — The food canal consists of three 
distinct parts — a fore-gut or stomodaeum developed by an 
intucking from the anterior end of the embryo, a hind-gut 
or proctodseum similarly invagmated from the posterior end, 
and a mid-gut or mesenteron, which represents the original 
cavity of the gastrula. 

The mouth has been shunted backwards from the anterior 
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end of the body, so that the antennules and antennse he far 
m front of it. The foie-gut, which is lined by a chitinous 
cuticle, includes a short “gullet,” on the walls of which there 
are small glands, hypothetically called “salivary,” and a 
capacious gizzard, which is distinctly divided into two 
regions. 

In the anterioi (cardiac) legion theie is a complex mill , m the 
posteiior (pyloric) region there is a sieve of numerous hairs The mill 



Fig 144. — Longitudinal section of lobster, showing some 
of the organs. 

Heart, AO ^ ophthalmic artery' ; aa ^ antennarj artery, a/z , 
hepatic artery , ST , sternal artery ; SA , superior abooimnal 
artery , MG , mid-^ut , DG , digestive gland ; MG , hind-gut ; 

Ta-.i extensor muscles of the tail , F2 , flexor nuzscles of the tail ; 

I A , inferior abdominal artery , G , gizzard , C , cerebral ganglia , 

P , pericardium , T , testes 

is very complex; there are supporting ‘‘ossicles” on the walls wdth 
external muscles attached to them, and internally projecting teeth which 
clash together and grind the food Three of the teeth aie conspicuous ; 
a median dorsal tooth is brought into contact with two large laterals. 
On each side of the anterior part of the gizzard there are two limy 
discs or gastroliths, which are broken up before moulting, and though 
quite inadequate to supply sufficient carbonate of lime for the new 
skeleton, seem to have some relation to this process. The occurrence 
of chitinous cuticle, setse, teeth, and gastroliths m the gizzard, is 
intelligible when the origin of the fore-gut is remembered, and so is the 
dismantled state of this region when moulting occurs. 

The mid-gut is very short, but outgrowths from it form 

19 
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the large and complex digestive gland. The mid-gut, here 
as always, is the digestive and absorptive region, but both 
processes are earned on to a large extent m the digestive 
gland, which communicates with the mid-gut by two wide 
ducts. It IS roughly three-lobed at both sides, and consists 
of an aggregated mass of cseca, closely compacted together. 
The gland is more than a “liver,” more even than a 
“ hepatopancreas.” It absorbs peptones and sugar, like 
the Vertebrate liver, it makes glycogen j its digestive 
juices are comparable to those of the pancreas and the 
stomach of higher animals. The hind-gut is long and 
straight. It is lined by a chitmous cuticle, as its origin 
suggests. There are a few minute glands on its walls 

Body cavity. — The space between the gut and the body 
wall is for the most part filled up by the muscles and the 
organs, but there are interspaces left which contain a fluid 
with amoeboid cells These interspaces seem to represent 
enlarged blood sinuses (a haemocoele), rather than a true body 
cavity or coelom One of the spaces forms the blood-con- 
taining pericardium, or chamber in which the heart lies. 

Vascular system. — Within this non-muscular pericardium, 
and moored to it by thin muscular strands, lies the six-sided 
heart, which receives pure blood from the gills {via the 
pericardium) and drives it to the body 

The arterial system is well developed Anteriorly, the 
heart gives off a median (ophthalmic) artery to the eyes and 
antennules, a pair of (antennary) arteries to the antennae, 
and a pair to the digestive gland (hepatic). Posteriorly 
there issues a single vessel, which at once divides into a 
superior abdominal, running along the dorsal surface, and 
a sternal, which goes vertically through the body. This 
sternal passes between the connectives joining the fourth and 
fifth ventral ganglia, and then divides into an anterior and 
posterior abdominal branch. All these arteries are con- 
tinued into capillaries. 

From the tissues the venous blood is gathered up in 
channels, which are not sufficiently defined to be called veins. 
It is collected in a ventral venous sinus, and passes into the 
gills. Thence, purified by exposure on the water-washed 
surfaces, it returns by six vessels on each side to the peri- 
cardium. From this it enters the heart by six large and 
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several smaller apertures, which admit of entrance but not 
of exit 

The blood contains am(x‘boid cells, and the fluid or 
plasma includes a respiratory pigment, hfemocyanin (bluish 
when oxidised, colourless when deoxidised), and a lipochrorae 
pigment, called zoonerythrin. Both of these are common 
in other Crustaceans. 

Eespiratory system. — Twenty gills — vascular outgrowths 
of the body wall — lie on each side of the thorax, sheltered 
by the flaps of the shield. A current of water from behind 
forwards is kept up by the activit} of the baling portion, 
or scaphognathite, of the second maxilla. Venous blood 
enters the gills from the ventral sinus, and purified blood 
leaves them by the six channels leading to the pericardium 

Observed superficially, the gills look somewhat like 
feathers with plump barbs, but their structure is much more 
complex The most important fact is that they present a 
large surface to the purifying water, w’hile both the stem 
and the filaments which spring from it contain an outer 
canal continuous with the venous sinus, and an inner canal 
communicating with the channels which lead back to the 
pericardium and heart. 

Thiee sets of gills are distinguishable. To the basal joints of the 
SIX appendages, from the second maxillipede to the fourth laige limb 
inclusive, the podohancks are attached. They come off ’with the 
appendages when these are pulled carefully away, and each of them 
bears, m addition to the feather}' portion, a simple lamina or epipodtte. 
The membranes between the basal joints of the appendages and the 
body, from the second maxillipede to the fourth large limb inclusive, 
bear a second set, the arthrobranchs^ which ha\e no epipodites. In 
connection with the second maulhpede there is a single arthrobianch ; 
in connection wdth each of the five following appendages there are two ; 
so that there are eleven arthrobranchs altogether. There remain three 
pkiirobranehs, one on the epimeron of the fifth large limb, and two 
others quite rudimentary on the tw'o preceding segments. The bases 
of the podobranchs bear long sete. 

In Nephtops^ the podobranchs are repiesented by a small rudiment 
on the second maxillipede, and by five well-developed gills on the next 
five appendages ; there are eleven arthrobranchs, the most anterior 
being small ; and there are four large pleurobranchs. 

Excretory system. — A kidney or “green gland” lies 
behind the base of each antenna, and its opening is marked 
by a conspicuous knob on the basal joint of that appendage. 
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Each kidney consists of a dorsal sac communicating with 
the exterior, and of a ventral coiled tube which forms the 
proper renal organ. The latter is supplied with blood from 
the antennal y and abdominal arteries, and forms as w^aste 
products uric acid and greenish guanin. Each kidney may 
be regarded as homologous with a nephndium 



The crayfish has also, neai 
the gills, small bianchial glands 
which exciete caicmunc acid 
from the blood, and also help 
in phagocytosis, that important 
piocess m which wandering 
amoeboid cells resist infection 
and help to repair injuries (cf 
possible function of thymus in 
Fishes) In not a few inveite- 
biates there are scattered groups 
of excretory cells or nephrocytes, 
and it seems that the endothelial 
cells of the lymphatic vessels 
and renal capillaries in tadpoles 
have a similar function. 

Reproductive organs. — 

The male crayfish is distin- 
guished from the female by 
his slightly slimmer build, 
»d ,b,.he pec„l,„ mod,- 
^ ^ ^ . > fication of the first tw^o pairs 

/ , Testes, \as deferens, vd. ^ open- r i. j i 

mg of \as deferens on last walking leg 01 abdominal appendages. 

In both sexes the gonads 
are three-lobed, and communicate with the exterior by 
paired ducts. 

The testes consist of two anterior lobes lying beneath 
and in front of the heart, and of a median lobe extending 
backwards. Each lobe consists of many tubules, within 
which the spermatozoa develop. From the junction of 
each of the anterior lobes with the median lobe, a genital 
duct or vas deferens is given off. This has a long coiled 
course, is in part glandular, and ends in a short muscular 
portion opening on the last thoracic limb. The spermatozoa 
are at first disc-like cells; they give off on all sides long 
pointed processes like those of a Heliozoon, and remain 
very sluggish. The seminal fluid is milky in appearance, 
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and becomes thicker in its passage through the genital 
ducts. It IS possible that the genital ducts represent 
modified nephridia, and that the cavities of the gonads 
are ccelomic. 

The ovaries are like the testes, but more compact The 
eggs are liberated into the cavity of the organ, and pass out 
by short thick oviducts opening on the second pair of 
walking legs. As they are laid they seem to be coated with 
the secretion of the cement glands of the abdomen, and the 
mother keeps her tail bent till the eggs are glued to the 
small swimmerets. 



Fig. 146 — Female reproductive organs of crayfish. — 
After Suckow. 

m Ovaries , ov’., fused posterior part . ad , oviduct , mt , female 
aperture on the second walking leg. 


Before this, however, sexual union has occurred. The 
male seizes the female with his great claws, throws her on 
her back, and deposits .the seminal fluid on the ventral 
surface of the abdomen. The fluid flows down the canal 
formed by his first abdominal appendages, and these seem 
to be kept clear by the movements of the next pair, which 
are also modified. On the abdomen of the female the 
agglutinated spermatozoa doubtless remain until the eggs 
are laid, when fertilisation in the strict sense is achieved. 

The Development has been very fully worked out, and is of interest 
in being direct, without the metamorphosis so common among the 
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Arthropoda. The spherical ovum is suirounded by a cuticular vitelline 
membrane, and contains a consuleiable quantity of yolk After ferti- 
lisation the segmentation nucleus divides in the usual way into two, 
four, eight, and so on, but this nuclear division is not followed by 
division of the plasma Eventually the nuclei, each suirounded by a 
small amount of protoplasm, appioach the suiface of the egg and 
arrange themselves legularly loiind it. The peupheral piotoplasm then 
segments lound these nuclei, and thus we have a central core of un- 
segmented yolk enveloped by a peupheral sphere of rapidly dividing 



Fig 147. — Section through the egg of Astacus after the com- 
pletion of segmentation. — After Reichenbach. 

st.^ Stalk of the egg ; ch , chorion envelope , 3/, penpheral blastoderm 
within which are the 3 , oik pyramids (dark) 

cells In the central }olk, free nuclei aie fiequently found ; these are 
the so-called yolk nuclei Such a t}pe of segmentation is called peri- 
pheral or centrolecithal, and is veiy chaiactenstic of Aithropod eggs 
Over a particular region of the segmented egg, known as the “ vential 
plate,” the cells begin to thicken ; at thisiegion an invagination occurs, 
which represents the gastrula. At the anterior hp of the blastopore the 
mesoderm appears, being many-celled from the first Soon the blasto- 
pore closes ; the cavity of the gastrula thus becomes a closed sac — the 
future mid-gut The cells of this archenteron take up the core of yolk 
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into themselves in a way which early suggests their future digestive 
function. On the surface of the egg there ha\e already appeared 
ectodermic thickenings, — the so-called e}e-foIds, — rudiments of the 
appendages, and of the thoracic and abdominal regions. 

In the later stages invaginations of the ectodeim form the fore- and 
hind-gut, which grow inward from opposite ends to meet the endo- 
dernnc mid-gut The ear-sac and the greatei pait of the gills have 
also an ectodeimic ongm. From the mid-gut the digestive gland is 
budded out The heart, the blood \ essels, blood, and muscles are due 
to the mesoderm 


Ec 


Fig. 148 — Longitudinal section of later embrj’o of 
Asiacus. — xA.fter Reichenbach. 

Ec , Ectoderm, /«., mesoderm cells, eg, cerebral ganglia; st , 
stomodasum , A , anus, T , telson,^., ventral ganglia; j , 
sternal sinus , ^ , proctodaum ; h , heart , mg , mid-gut ; yolk 
pjTamids dark. 

As usual, the nen^ous system arises from an ectodermic thickening. 
The eye aiises partly from the optic ganglia of the ‘‘brain,'’ partly from 
the “ eye-folds,” and partly from the epidermis. 

When the young era) fishes are hatched from the egg-shells, they still 
cling to these, and thereby to the swimmerets of the mother. In most 
respects they are like the adults, but the cephalothorax is convex and 
relatively large, the rostrum is bent down between the eyes, the tips of 
the claws are incurved and serve for firm attachment, and theie are 
other slight differences The noteworthy fact is that the development 
is completed within the egg-case, and that it is continuous without 
metamorphosis. The shortened life history of the crayfish is interesting 
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m relation to its fiesh-watei habitat, where the risks of being swept 
away by currents are ob\iously great; but it must also be lemem- 
bered that the tendency to abbreviate development is a geneial one 
Theie is some mateinal caie m the ciayfish, foi the young aie said 
sometimes to return to the mother after a short exploration on then 
own account. 

The Crab 

It IS instiuctive to contrast the crab-type with that of the ciayfish or 
lobstei. The cephalothorax is broadened by a hollow extension of the 
gill-covermg (branchiostegite) legion The abdomen is gieatly re- 
duced, with a soft sternal region, and is bent permanently upwards 
and forwards in a groove in the thoiacic sterna In the male there are 
only two pairs of abdominal limbs, which have a reproductive function ; 
m the female theie are four pans, which carry the eggs 



Fig. 149 — Section through cephalothorax of a crab. — 

After Pearson. 

H , Heart , Tt’ , extension of the tergum , dT , sternum , PZ,., pleuron , 

/■,, tendons , ist IV L , insertion of first walking leg , Br , gill m gill- 
chamber , £ , gut , da , descending artery , A , afferent branchial , 

E , efferent branchial 

The eye-stalks he in sockets of the carapace ; the bases of the 
reflexed antennules aie also in sockets; the antennce are short and 
straight. 

The third maxillipedes are broad and flat and form a kind of oper- 
culum over the five preceding pairs of appendages. The gieat claws 
are relatively very large, the other thoracic legs are non-chelate, and 
in the swimming crabs, eg Portit 7 ms (see Fig 150), the fifth pair of 
thoracic legs have their last joint adapted as a paddle 

As to the soft parts, there is a noteworthy change in the nervous 
system. From the cerebral ganglia a pair of oesophageal commissures 
extend to a large ganghonated mass sheltered by the endosteinal 
skeleton. It is composed of numerous pairs of ganglia fused together, 
and gives off ner\ es to maxillm, maxillipedes, and thoracic limbs. It 
IS perforated by the sternal artery. The oesophageal commissures are 
united by a tiansveise commissure just behind the gullet, and in front 
of this cross junction there are two small ganglia giving off nerves to 
the mandibles On the lower suiface of the anterior part of the 
gizzard there are two small gastric ganglia inneivated from the ceiebrals. 
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Whea the branchial chamber is opened the large pyramidal gills are 
seen, also the long sword-shaped epipodite (flabellum) of the hist 
maxillipede which “ieems to help the '‘baler,” the smaller and mobile 
epipodites borne by the second and third maxillipedes, and the bioad 



Fig. 152 —Ventral aspect of female shore ciab 
Abd j Abdomen , mxp , third maxillipede 


scaphognathite of the second maxilla which bales the water forwards 
and outwards. 

It must be clearly understood that the branchial chamber is entirely 
outside of the body, being formed by the lateral extension of a hollow 
redupl mature from the tergal region. 

The large gizzard, the enormous greyish -yellow hepatopancreas, the 
transparent pericardium, and other organs are readily seen 


Systematic Survey of 

(i) Entomostraca, lower forms 
They are usually small and simple 

The number of segments and ap- 
pendages IS \ ery diverse 

The larva is geneially hatched as a 
simple imsegmented Nauphus, 
There is no gastric mill. 

The excretory oigan is associated j 
with the second maxillce 


THE Class Crustacea. 

(2) Malacostraca, higher forms 

They are usually larger and more 
complex. 

The head consists of 5, the thorax 
of 8, the abdomen of 6 (7 in 
Leptostraca) segments 

The larva is usually highei than a 
Nauphits 

There is often a gastiic mill. 

The excretory organ is usually 
associated with the antennte, but 
maxillary glands may be present 
in the larvm, and may even per- 
sist in adults. 
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First Sub-Class. Extomostraca 


Order I Phyllopoda. In these at least foiii pairs of leaf-like swimniin^'*' 
feet bear respiiatoi y plates The body is generally w ell segmented^ 

and IS protected by a shield-like or bivahe shelf The mandibles 
are without palps, and the ma\illai are rudimentaiy. 

{a) Branchiopoda. The bod} has numerous segments and (io~2o 
or more) foliaceous append- 
ages \\ith lespirator} plates. 

The shell is raiel} absent, 
usually shield -like or bi- 
valved The heart is a long 
doisal vessel with numerous 
openings The eggs are able 
to survive prolonged desicca- 
tion m the mud. 

Brant/itptis, a beautifully 
coloured fresh -water 
form, wuth hardly anv 
shell. 

Arte?}na, Brine - shrimps. 

Periodically partheno- 
genetic By gradually 
changing the salinity 
of the w ater, Schmanke- 
witsch was able, in the 
course of several gen- 
erations, to modify A, 
sahna into A 7ml- 



hmise 7 m^ 2 Xi^vt€eve 7 'sa. pjQ — Dorsal surface of 
Artej/na feriihs is one La}ii,rifoi mis — From Bronn’s 
of the four animals Thuircuh 
knowm to occur in the ^ 

the antenoT region are the two com- 
dense waters of Salt them the 

-b'S-Re. simple unpiaired e>e The whip-hke 

ApuSj an archaic fresh- outgrowths of the first thoracic ap- 
water form with a large laterally 

dorsal shield. 

Apus IS over an inch in length, a giant among Entomostraca. It has 
an almost world-wide distribution. The appendages are veiy 
numerous and mostly leaf-like They may be regarded as 
representing a primitive type of Crustacean limb. Professor 
Ray Lankester enumerates them as follow’S : — 


r I. Antenna 

Pre-oral. 4 2. Second antenna. (This is sometimes absent, and 

[ apparently alw'a}S in certain species.) 
f 3. Mandible 

Oial. 44. Maxilla. 

[5. Maxillipede. 
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f 6 . Fust thoracic foot (leg-like). 

7-16. Other ten thoracic feet (swimmeis) 

The 1 6th in the female carries an egg-sac 01 biood- 
chainber. There are eleven thoracic imgs on the body. 
Abdominal \ 17-68. Fift}-t\vo abdominal feet, to which there corre- 
( Post-genital). spond only seventeen iings on the body. 

The large dorsal shield is not attached to the segments behind the 
one beanng the maxillipedes Many of the thin limbs doubtless 
function as gills The genital apeitures are on the sixteenth 
appendages The anus is on the last segment of the body. 



M , Eye j A second antenna , A first antenna , , digestive caeca, s , 

shell gland , , gonad , h , heart in pericardium , o,, ovum , , 

brood-pouch; sp , spine,/, furca, j , setae. Ad , rudimentary abdomen , 

/ , caudal fork ; ^ , gut , /~j, thoracic limbs. 

There is a pair of \entral ganglia to each pair of limbs ; the ventral 
nerve-cords are widely apart; and the cephalic ganglion is 
remarkably isolated. There is periodic parthenogenesis 
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((!^j Cladoceia. Small lateral!} compiessed ‘'water-fleas/' with few 
and somewhat indistinct segments The shell is usual!) bi\alved, 
and the head often projects fieely from it The second antenn.-e 
aie laige, two-branched, swimming appendages, and there are 
4-6 pans of other swimming organs. The heart is a little sac 
with one pair of openings An excretor\ organ (the shell or 
maxillar} gland) opens in the region of the second maxilL-e. It 
IS the Entomostracan equivalent of the antennary gieen gland 
of Malacostraca The males aie usually smaller and much rarer 
than the females The latter ha\e a brood-chamber betw^een 
the shell and the back. Within this many broods are hatched 
throughout the summer Periodic parthenogenesis (of the 
‘‘summer ova”) is \ery common. “Wmtei eggs,” which 
lequire fertilisation, are set adnft m a part of the shell modified 
to form a piotective cradle or ephippium. 

Daphma^ Motna^ Sida, Polyphemus^ Leptodora^ and man\ 
other “water-fleas,” are extraordinarily abundant m fresh 
w’ater, and fonn part of the food of many fishes A few^ 
occur m brackish and salt w'ater 
In Daphnia the appendages are * — antennules, antenna;, 
mandibles, first maxilLe, second maMllte (disappeaiing m the 
larva), and five thoracic limbs The abdomen is turned dow n- 
wards and forwards, and show’s thiee segments and a telson. 

Order 2. Ostracoda. — Small Crustaceans, usually lateral!} compressed, 
with an indistinctly segmented or unsegmented body, rudmientar} 
abdomen, and bivalve shell. There are only seven pairs of 
appendages • — antennules, antennce, mandibles, first maxilLx, 
second maxillce, and two pairs of thoracic limbs Parthenogenesis 
IS often prolonged. 

Examples , — Cyprts (fresh water), Cyprtdina (marine). 
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Fig. 156. — Cypns^ side view, after removal of one valve. — 
After Zenker 

e , Eje , A i, firbt antennae , A 2 -i second antennas , MN " , mandibles , 
mx 7, fiist maxilla , vzx 2, second maxilla , f /, f 3^ thoracic legs , 
Ab , Tudimentarj abdomen 



Fig. 157. — Cyclops type 

I first antenna, II A , second antenna, OV , ovary; RS ^ 
receptaculuin seminis , OS , ovisac , F., caudal fork 
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Order 3 Copepoda —Elongated Crustaceans, iisuall) \\ iili distinct seg- 
ments. There is no dorsal shell There are five pans of biiamosc 
thoracic appendages, but the last mav be rudimentarv or absent. 
The abdomen is without limbs, and uf its five segments the first 
two are sometimes united. The females caiiv the eggs in external 
ovisacs. Most Copepods move v^er}’ active!} in the water, jerking 
themselves rapidly by means of their thoracic legs, or swum more 
gently by means of their second antennte ^lanv aie ecto-parasitic, 
especially on fishes (^' fish-lice and are often verv degenerate. 
The free-living Copepods form an important pait'nf the food- 
supply of fishes 

Cyclops, free and exceedingly prolific in fresh water. Its 
appendages are — antennules, antennae, mandibles, first 
maxillce, second maxillae, four pairs of flattened biramoiis 
thoracic legs united across the middle with those of the 
opposite side, another rudimentary pair, and probably the 
genital valve. Ceioclnhis, Calanus, free and abundant in 
the sea In Ckondmeanthu^, as m many other cases, the 
parasitic females carry the pigmy males attached to then 
body. Cahgus, a very common genus of “fish-hce.” In 
the carp-lice {Arguhts') the mouth is a sucker with sharp 
stilets and the second maxillce form adhesive di&c.'i. 

Le^ncea, Penella, etc The adult females are parasitic, and 
almost worm-like The males and the voting aie free 

Order 4 Cirnpedia. — Barnacles and acorn-shells, and some allied 
degenerate parasites. 

Marine Crustaceans, which m adult life are flxed head down- 
wards. The body is indistinctly segmented, and is enveloped 
in a fold of skin, usually with calcareous plates. The anterior 
antennae are involved in the attachment ; the posterior pair 
are rudimentary. The oial appendages are small, and m pait 
atrophied In most there are six (01 less fiequenth four) 
pairs of tw'o-branched thoracic feet, which sweep food particles 
into the depressed mouth The abdomen is rudimentary. 
There is no heart The sexes are usually combined, but 
dimoiphic unisexual forms also occui. The hermaphrodite 
individuals occasionally carry pigmy or “ complementar* 
males The spermatozoa are mobile, which is unusual 
among Crustacea. 

Lepas, the ship -barnacle, is as an adult attached to floating logs and 
ship-bottoms The antenor end by w’hich the animal fixes it'^elf is 
drawn out into a long flexible stalk, containing a cement gland, the 
ovaries, etc. , and involving in its formation the first pair of anteniige and 
the front lobe of the head. The second antennae are lost m larval life. 
The mouth region bears a pair of small mandibles and two pairs of 
small maxillae, — the last pair united into a lower lip. The thorax has 
six pairs of two-branched appendages, and from the end of the rudi- 
mentary abdomen a long penis projects At the base of this lies the 
anus. Around the body there is a fold of skin, and from this arise fiv^e 
calcareous plates, an unpaired dorsal carina, two scuta right and left 
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anteriorly, two terga at the free posteiior end The neivous system 
consists of a brain, an oesophageal iing, and a \ential chain of five or 
more ganglia. Theie is a fused pair of ludimentary eyes No special 
circulator} or respiratory organs aie knov\n Two excretory (^) tubes 
lead from (cadomic) cavitres to the base of the second maxillar, and are 
probabl} comparable wrth shell glands and with nephridia There is a 
complete food canal and a large digestive gland. Beside the lattei lie 
the blanched testes, whose \asa defeientia unite in an ejaculatory duct 
in the penis From the much-branched ovaries in the stalk, the ovi- 
ducts pass to the fiist thoracic legs, w^heie the} open into a cement- 
making sac, opening to the exterior The eggs aie found in fiat cakes 
between the external fold of skin and the body 



Fig, 1 58 — Acorn-shell {Balmms tintmnahchim\ 

— After Darwin 

t , Tergum ; s , scutum , d , opening of OMduct, the aperture is not 
distinct ,/> mantle cavity , a depressor muscle of tergum , £■ , 
depressor muscle of scutum, k, oviduct, , outer shelFin 
section , a , abductor muscle of scuta ; cr , thoracic legs , 

I, first plate of outer shell , p , position of viscera 

The life history Nauplius larvse escape from the egg-cases, and, 
after moulting sexeral times, become like little Cyprids The first 
pair of appendages become suctorial, and, after a period of free- 
sw’immmg, the young barnacle settles down on some floating object, 
moonng itself by means of the antennar}" suckers, and becoming firmly 
glued by the secretion of the cement glands. During the settling and 
the associated metamorphosis, the }Oung barnacle fasts, living on a 
store of fat previously accumulated Many important changes occur, 
the \alved shell is developed, and the adult form is gradually assumed. 

The food consists of small animals, which are swept to the mouth by 
the waving of the curled legs Growth is somewhat rapid, but the 
usual ecdysis is much restricted, except in one genus Neither the 
\alves, nor the uniting membranes, nor the envelope of the stalk, are 
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moulted, though dismtegiated pc 
renewed by fiesh formations 
In the allied genus Scalpelhwi^ 
some are like Lepas, heim aph- 
rodites/ without complementar} 
males ( Sc. baJaiioides ) , others 
areheimaphiodite, w ith comple- 
mentaiy males (*SV villos%i?n ) , 
and others are unisexual, but 
the males aie minute and para- 
sitic {St )eg2itjn') 

Balanus^ the acoin-shell, en- 
ciusts the locks in great numbers 
between high and low water 
maiks. It may be described, 
in Huxley’s giaphic woids, as a 
crustacean fixed b) its head, 
and kicking the food into its 
mouth with its legs The body 
is surrounded, as in Ltpas, b\ 
a fold of skin, which foims a 
lampart of six oi more cal- 
careous plate'!, and a fourfold 
hd, consisting of two scuta and 
two terga When covered by 
the tide, the animal protrudes 
and letiacts between the valves 
of the shell six pairs of ciirl-hke 
thoracic legs The structure 
of the acorn-shell is in the main 
like that of the barnacle, but 
there is no stalk 

The life histor} also is similar 
A Nauplius IS hatched It has 
the usual thiee pairs of legs, an 
unpaired eye, and a delicate 
doisal shield. It moults several 
times, grow'S laiger, and ac- 
quires a firmer shield, a longer 
spmed tail, and stronger legs. 
Then it passes into a Cj.p 7 ' 2 s 
stage, with two side eyes, six 
pairs of swfimming legs, a bi- 
valve shell, and other organs 
As it exerts itself much but does 
not feed, it is not unnatuial that 
It should sink down as if in 
fatigue. It fixes itself by its 
head and antennse, and is glued 
by the secretion of the cement 
gland. Some of the structures, 
20 


may Le lemoved in flakes and 



^IG. 159. — De\ elopment of SaauRna. 
— After Delage. (Not drawn to 
scale ) 

^ , Free-swiraming Naupims, with three 
pairs of appendages ; B , pupa stage ; C., 
adult protruding from the abdomen of a 
crab 

c g. the bivalve shell, are lost j new 



\o6 


PHYLUM ARTHROPODA 


structuies appear, e,g the chaiactenstic Cniiped legs and the shell 
Throughout this period, which Dai win called the pupa stage,” theie is 
external quiescence, and the }oung creature continues to fast The skin 
of the pupa moults off ; the adult stiuctures and habits are gradually 
assumed At fieqiient periods of continued giowth the lining of the shell 
and the cuticle of the legs aie shed. In spring these glassy cast coats 
are exceedingly common in the sea. Acoin-shells feed on small maime 
animals. They fix themselves not to rocks only, but also to shells, 
floating objects, and even to whales and other animals 

On the vential surface of the abdomen of crabs, Saccuhna^ one of the 
most degenerate of all parasites, is often found. Its history has 
been beautifully worked out by Professor Delage It is in shape an 
ovoid sac, and is attached about the middle of a segment On the 
lower surface of the sac there is a cloacal aperture, opening into a large 
biood-chambei, usually distended with eggs contained m chitinous 
tubes. The brood-chamber surrounds the cential “ visceial mass,” 
consisting of a nerve ganglion, a cement gland which secietes the egg- 
cases, and the hermaphrodite reproductive organs ; of digestive or 
vascular systems theie is no trace The parasite is attached by a 
peduncle, dividing up, within the body of the crab, into numeious 
“roots,” which have been compared to the placenta of a mammalian 
foetus The “ roots” lamify within the body of the crab, and by them 
the Sacathna obtains nutrition and gets rid of its waste pioducts ; it is 
therefore practically, even at this stage, an endoparasite The larvae 
leave the brood-chambei as Nauplii , they moult rapidly and become 
Cyprid larvae These fix themselves by their antennas to young ciabs, 
at the uncalcified membiane surrounding the base of the large bristles 
of the back or appendages The thorax and abdomen are cast off 
entirely ; the structures wuthin the head region contract ; eyes, tendons, 
pigment, the remaining yolk and the carapace, aie all lost ; and a little 
sac remains, which passes into the inteiior of the crab Eventually it 
reaches the abdomen, and, as it approaches matuiity, the integuments 
of the crab are dissolved beneath it, and the sac-like body protrudes , 
essentially, hovrever, Sacctihna is always endopaiasitic It appeals to 
live for three years, during wdnch time the giowth of its host is arrested, 
and no moult occuis. 


Second Sub-Class Malacostraca 

Series 1. Leptostraca. Division Phyllocaiida. 

Marine Crustaceans of great systematic interest, retaining in many 
w^ays the simplicity of ancestral foims, and linking Malacostraca and 
Entomostraca The most important genus is Nebaha 
A bivahe shell covers the whole of the lank body, except the last 
four abdominal segments ; the head is free from the thorax j the eight 
segments of the thorax are free from one another, and the plate-like 
appendages resemble those of Phyllopods ; the abdomen has seven 
segments and a telson with two forks ; the elongated heait extends into 
the abdomen, and has sev'en pans of lateial apertuies or ostia There 
are both antennary and maxillaiy excretory organs Nebaha and its 
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congeners are piobably lelatcd to ceitain ancitnl iusMl iuinib from 
Palccozoic strata, e.g Hymenocans fiom the Cambiian 



Fig 160 — Kcbalta — Aftei Sais. 

SH , Shell, 4 /, first antennae, A 2, second antennae, TH ^ Z thoracic 
limbs , Ab 4, Ab 6, fourth and si\th abdominal hmijs 



hiG. 161. — Anaspdes. — After Caiman. 

A.t, a 5, antennse; , rudimentary exopodite, G,, reapirdtor5’ lamina 
EE 7, EE 8, seventh and eighth thoracic limbs or pereiopods ; EL 1 3 
2, 6y first, second, and sixth abdominal limbs or pleopods. 
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Series IL Eumalacc^^traca r , . 

Division I S^ncaiida, the ordei Anaspidacea, piimitive iresh-watei 
foims, uithnut\T. cat apace ; \Mth the eight thoiacic segments all 
distinct /.te? A h or uith the hi'^t one fixed to the head {Kooiitmga) , 
stalked t\es in Ana giL' , ^e^sile e\es in Koominga , with 
lamellar luanebLe rin t^c tln'raoic leg-, uhose slendei exopodites are 

also lespira ton. .r c 

Division 2 Ptracaiida, \^ith a caiapace that lea\es at least four of 
the thoracic segments fiec, with the hist thoiacic segment always fused 
to the ^ead, \’i.'ith iisaalU se'^sile e\e-, \Mth a biood pouch on the 
thoracic appendages of the female,' \uth an elongated heart, with 
direct development. Xurnemus oideis including —the pelagic Mysi- 
dacea (foimcih united with Euphausiacea 
a^ Schuopodsj, eg My sis', the pelagic 
J deep-water Cumacea e^ Cnma and 

Dia\tyiu , the Isopods, with doiso-vential 
< v'. 'k fiattemng of the body, a posterior heait, 

lL a ^ iespiiatoi\ oigans on the abdominal 

\ \ /y hmbs, fc i; the’ tenestiial wood-lice {Por- 

it.7/e 0ms. etc ), which show minute 
\ j tiachea-like respiratory tubes in the abdom- 

psjH/D hmbs, and conesponding forms on the 

shore (c ; Z^g/tz, j the Amphipods, 
t\ith iateial flattening of the body, an 
anterioi heart, and lespiiatory oigans 
fZS usually on the thoiacic limbs, eg Gam- 

j i .A/rir/^z in the shoie pools, 6^ pitkx 

water, and sandhoppeis like 
M TaLtut\ and the '‘no body'" 

crabs, Ca/'fePa; Phromma, living inside 
V tl S glassy case of the fiee-sw miming 

^ Q t/ Tnn’cate 

Division 3 Iloplocanda, wnth a carapace 
Fig 162 — An Amphipod of the thoracic 

[Cayrel/a Iiiieai-ts). segments fiee, with stalked eyes, with the 
rhetut antenor tboraciL sec;- eggs Gained in a chambei foimed by the 
ments are fu-ed to the he-i*! . pj^Mp^pedes, With an elongated heart, 
?acerLT"ihLS'werrt- •i"‘l "‘th <1 complicated metamorphosis, 
acres , the fourth and fifth Order Stomatopods, e g. SqiitUa, with 
thoracic sec;mtnt^ bear oilj (Pt* second maxillipedes forming veiy laige 

respirator) plates laptorial Organs 

Division 4 Eucanda, with a cephalo -thoiacic shield uniting the 
head and thorax segments , with stalked e>es , with a saccular heait , 
with eggs attached to the abdominal endopodites ; wuth spherical 
spermatozoa '=:how mg peculiar radiating pseudopodia , usually with a 

complex metamorphosis 

Order i EiipluiisLicea •— shrimp-like sin face and deep-water forms, 
wHH Ijimiiious thuracic limbs as in Ahsids eg, Euphan'^ia 

ylidei 2 Decapoda- — with the three antenor thoracic limbs 
turned forwaid as maxillipedes, with the other thoracic limbs almost 
ahva\s uniramons. 


oHo 

cs- ^ 


w 


[Caprella hiiearts). 

The t\n antenor thoracic sei;- 
ments are fu-cd to the head , 
the abfli. men is greatla .e- 
duced and without append- 
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Sub -01 der Macrui a —Abdomen lun^ (lob^tei ) , 

rops (Norway lobster, sea cra\fishi. A^iains (fieNh-water cia\fish|, 
Paluut7us (rock lobster ), whose Ian a was lung known as the'gla^s- 
ciab {PhyUoso7na) Pliiuhs, a shrimp which pas-es through Xaiiplius, 
Zoaja, and Mysis stages , Litcijer and Set^^cRes are alsD hatched at a 
stage antecedent to the Zocea ; Cjan^oi? z'itt\a? (the Biitish shiiiiipj , 
Paliemon^ Pandahi^ Hippolyte (piawn'^j , GaPth^a (with the abdomen 



Fig. 163 — Hermit-ciab withdrawn from its shell 
The anterior appendages are broken off. 
hd , Head ; th thorax , ahd , abdomen 


bent forwards) ; Pagiiriii>^ Eupaginus (hermit-crabs) , Birpm latro (the 
terrestrial robber or palm-crab), in which the upper part of the giH- 
cavity IS shut off to form a ‘‘lung,” the walls having numerous 
vascular plaits 

Sub-order Brachjmra. — Abdomen short, and bent under the 
thorax. It is narrow in the male, and does not usually bear more 
than twm pairs of appendages ; it is broader in the female, and 
bears four paired appendages The ventral ganglia ha\e fused 
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into an oval mass Canur (edible crab); Caraniis nmnas (shore- 
crab); Portunui (^wimming-crab) , Dromia (often coieied by a 
sponge); FinnotJi'?€\ (living inside bivalves), Telphnsa (a fresh- 
water crab), GctiJi Linus (luind-crabs, onh visiting the sea at the 
breeding season). 

History. — Fossil Crustaceans are loiind in Cambrian strata, but the 
highest forms (Decap(jda) vveie not fiimly established till the Tertiary 
period Some of the geneia, c the Bianchiopod Ei>theim, living from 
Dev’-innan ages till nov\% aieremaikabh persistent and successful. How 
the class arose vve do not know , it is probable that types like Anaspides 
and Nehalia give tiustvvoithv hints as to the ancestors of the higher 
Crustaceans ; it is likely that the Phvllopods, eg Apm, bear a similar 
relation to the whole senes; the Copepod^ also retain some primitive 



Fig 164. — My SIS jiexiiosa, from side. 

'• , Eruud-pojch Dorne on posterior thoracic limbs , 0 , otoc>st 
m t.ii! Nutt- tight pairs of similar biramose thoracic feet 
The last two thoracic segments are not covered by the 
-hield 

characteristics , but it 13 difficult to say an} thing definite as to the 
more remote ancestrv . 

We naturally think of a segmented worm-t}pe as a plausible starting- 
point fur Cruhtaceans, and it is not difficult to imagine how a develop- 
ment of ciiticular chitin would tend to produce a flexibly jointed limb 
out of an unjointed parapodium ; how the mouth might be shunted a 
little backwards, and two appendages and ganglia a little forwards ; 
and how division of labour would lesult in the differentiation of 
distinct legion^ 


General Notes on Crustaceans 

Of a class ihat includes animals so diverse as crabs, 
lobsters, shrimps, “beach-fleas,” “wood-lice,” barnacles, 
acorn-shells, and “ water-fleas,” it is difficult to state general 
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characteristics, other than those facts of structure which 
we have already summarised. 

Admitting the parasitism of many Crustaceans, and the 
sedentary life of barnacles and acorn-shells, we must still 
allow that great activity characterises the class. With this 
may be connected the brilliant colouring, the power of 
colour change, and the phosphorescence of many forms 

Except in the case of 
a few primitive and 
degenerate forms, the 
Crustacea are all seg- 
mented. In this, in 
the presence of hollow 
jointed appendages, m 
the reduction of the 
coelom, and in their firm 
chitmous cuticle, the 
Crustacea resemble other 
Arthropods ; as special 
characteristics we notice 
the two pairs of antennse, 
the presence of carbon- 
ate of lime in the cuticle, 
and the nature of the 
respiratory organs 
— these, with few excep- 
tions, being adapted for 
breathing in water. 

While these 
remain constant through- 
out the group, there is 
an almost infinite variety 
in detail. In regard 
to the segmentation of 

the body, we notice that, apart from the general tendency 
to reduction which is so marked in many parasitic forms, 
the higher forms as compared with the lower show marked 
specialisation. In the primitive Phyllopods the body con- 
sists of a large but varying number of segments, remarkably 
uniform in structure. The higher Crustacea, on the other 
hand, are characterised by their relatively few but constant 



Nervous S} stem of shore-crab 
{Cam/ii/s mvcnas) — After Bethe 

» The supra oesophageal mass, g, gullet 
CnaraCLer.- surrounded by gr , the gu'Iet ring , m , the 
sub-oesophageal mass representing a fusion of 
the thoracic ganglia of the crayfish, and 
giving off nen^es to the hmbs , behind it is 
a short strand representing the abdominal 
ganglia of the craj^fish. a} , antennules , 
, antenna: ; e , eye. 
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segments, which exhibit maiked division of labour ; a 
comparison of lYebalia^ Mysis^ Pluphausia^ Penceus, 
lYefkrops, will make this plain. The same gradual process 
of specialisation is observable in the appendages. Typically 
consisting of a basal piece and two branches, the append- 
ages, like the parapodia of Annelids, are primitively organs 
of locomotion, usualh adapted as swimming organs. In 
Phyllopods the great majoiity of the appendages remain 
permanently at this level It is worth notice that in the 
Nauplius and in Ostiacods and in free-swimming Copepods, 
the antennte themselves are swimming organs. Just as, 
however, m the Annelid head the locomotor function of 
the parapodia becomes subordinated to the sensory one, 
so also in Crustacea the anterior appendages of the head 
become specialised as sense organs Again, the append- 
ages in connection wnth the mouth become modified in 
connection with alimentation, and the further processes of 
specialisation which differentiate the regions of the body 
are reflected in the appendages of these regions. It is this 
specialisation of certain appendages to function as mastica- 
tory organs which especially characterises Arthropods as 
compared with Annelids. 

In the nervous system there is always a certain amount 
effusion of ganglia— these never being so numerous as the 
segments — but the fusion is more marked in the more 
specialised forms. In the Crabs the ventral chain is repre- 
sented by a lobed ganglionic mass in the thorax, connected 
with a mere rudiment, which corresponds to the abdominal 
portion of the cord in the crayfish (Fig. 165) Sense 
organs are usually well developed, and are not confined 
to the head region; thus many Mysids have “auditory"’ 
organs in the tail (Fig. 164) The alimentary canal 
runs straight throughout the body ; it consists of fore-gut, 
mid'gut, and hind-gut The fore-gut and bmd-gut are 
anterior and posterior invaginations of ectoderm, and are 
always large, especially in Malacostraca. In the higher 
Malacostraca the fore-gut is furnished with a gastric mill. 
The mid-gut or arChenteron is always short, but has con- 
nected with it di\erticula which form the so-called hepato- 
pancreas. In the Entomostraca there is usually only a 
single pair of outgrowths , in Mysids, Cumacea, and larval 
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Decapods there are three pairs , a process of rapid growth 
and branching converts these into the compact digesthe 
gland of the adult Decapods In connection with the 
posterior end of the mid-gut in Amphipods and some 
others, there is a pair of blind tubes functioning as excretor} 
organs, and presenting an interesting similant} to the 
Malpighian tubes of insects, which, howe\er, are m con- 
nection with the hmd-gut. The body cavity is never large, 
being mainly filled up with muscles and organs, and, as m 
Arthropods in general, the true ccelom is virtually absent. 
In the blood, h^emocyanin is the commonest pigment, but 
is not universal. Respiration is carried on m many 
different ways. In the simple forms it may be merely by 
the general surface, but in the majority of cases, certain 
portions of the limbs, or outgrowths of the limbs, constitute 
definite respiratory organs, often specialised to form gills. 
In the excretory system the numerous nephridia of Annelids 
are absent. The typical excretory organs of the Entomos- 
traca are the shell glands’* — paired coiled tubes opening 
on the second maxilla ; of the Malacostraca, the antennary 
glands exemplified by the green glands of the crawfish. 
The genital ducts are possibly modified nephridia. 

There are many peculiarities connected with reproduc- 
tion — thus parthenogenesis for prolonged periods is common 
among ‘Svater-fleas ” ; hermaphroditism is frequent, occur- 
ring, for example, in barnacles, acorn-shells, etc., and it is 
often complicated by the simultaneous existence of “ pigmy ” 
complemental males When separate, the two sexes are 
often very diverse. The spermatozoa are often exceptional in 
being very slightly motile. Some appendages are often 
modified for copulation or for carrying the eggs. 

Development. — The ova of most Crustacea show con- 
siderable similarity to those of Asfamsy and the segmenta- 
tion is typically of the kind already described. But while 
this IS the most typical case for Crustacean, and, indeed, 
for Arthropod development, it is possible, within the limits 
of the class Crustacea, to trace out a coniplete series, in 
which the first term is a segmentation of the complete 
and equal type, like that of a w'orm, and the last the 
purely peripheral. In the same way, though gastrulation 
is usually much disguised, there are many modes, from 
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an invagination of the simplest embolic type {Lucifer)^ and 
through the condition described for Asfacus, to the forma- 
tion of endoderm by the ingrowth of a solid plug of cells. 

Compared with Astacus, however, the most impoitant 
point we have to notice is the fiequent occurrence of a very 
striking metamorphosis in the life history In other words, 
the larva hatched from the egg is raiely like the parent, and 

only acquires the adult 



Fig, i66. — Zoseaof common shoie-ciab 
( Carcimis mcsnas) — After Faxon. 

The appendages are numbered , c , gills , 
z , alimentary canal 


characters after a series 
of profound changes. In 
some cases (JVedaha, 
Mysis) a metamorphosis 
takes place within the 
egg-cases, and in the few 
forms m which develop- 
ment seems to be direct, 
slight traces of meta- 
morphosis are found 
Almost all the lower 
Crustaceans and some 
higher forms, e g. 
Euphaiisia and Pe?i(Bus^ 
are hatched in a Nauplius 
stage. In the remaining 
cases the Nauplius stage 
is indicated within the egg 
by the moulting of a larval 
cuticle (as in Astacus). 
The Nauplius is char- 
acterised by a typically 
rounded body, and by 
the presence of three 
pairs of appendages, 


which are the only 
obvious indications of segmentation. The first pair 
of appendages are unbranched, and bear larval sense 


organs, ^ the next two are biramose swimming organs. 
There is an unpaired median eye, but no heart, and 
frequently no hind-gut. The three pairs of appendages 
become the first and second pairs of antennoe and 
the mandibles of the adult. The head region of the 
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Nauplms becomes the head region of the adult; the 
posterior region also persists ; the new growth of segments 
and appendages takes place (with numerous moultings) in 
the region between these 

The second important form of larva is the Zosea, which 
has all the appendages on to the last maxillipedes inclusive, 
a segmented abdomen, and two lateral compound eyes, 
in addition to the unpaired one of the Naiiplius stage. 
Most Decapoda are hatched m the Zosea stage. 

(a) The ciayfish {Asiaacs) is hatched almost as a mmiature adult. 

The development is theiefore veiy direct in this case 

[b] The lobstei [Homarus] is hatched in a stage, in which the 

Ihoiacic limbs are two-branched and used for swimming After 
some moults it acquires adult characters 

[c] Ciabs are hatched m the Zocsa form, and pass with moults through 

a Megalopa stage, with the abdomen in a line with the cephalo- 
thorax. The abdomen is subsequently tucked in under the 
thorax. 

(d) Penaiis (a kind of shrimp) is hatched as a Nattphtis, becomes a 

7 , 0 {saj then a Mysts, then an adult Its relative Lucifer starts 
as a Meta-Nauplius with rudiments of three more appendages 
than the Nauplms. Another related form, Sergestes, is hatched 
as a Protozocea^ with a cephalothoiacic shield and an unseg- 
mcnted abdomen. Thus there are two grades between Nauplms 
and Zooea. 

Three facts must be borne in mind in thinking over the life histones 
of crayfish, lobster, crab, and Pemcus (i) There is a general tendency 
to abbreviate development, and this is of more importance when meta- 
morphosis IS expensive and full of risks ; (2) there is no doubt that larvae 
exhibit characters which are related to their own life rather than to that 
of the adult , (3) it is 2^ general truth, that in its individual development 
the organism lecapitulates to some extent the evolution of the race, that 
ontogeny tends to recapitulate phylogeny. But while there can be no 
doubt that the metamorphosis of these Crustaceans is to some extent 
mterpietable as a recapitulation of the racial history, — for there were 
unsegmented animals before segmented foims arose, and the Zocea stage 
is antecedent to the A/ysis, etc., — yet it does not follow that ancestral 
Crustaceans were like Nauplii On the contrary, the Nauplms must be 
regarded as a larval reveision to a type much simpler than the ancestral 
Ciustacean. 

CEcology. — Most Crustaceans are carnivorous and pied- 
atory ; others feed on dead creatures and organic debris in 
the water ; a minority depend upon plants. Many of the 
smaller forms play a very important part in the economy of 
nature — in the circulation of matter — for while they feed on 
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animalcules and debris, they are themselves the food of 
larger animals such as fishes. 

Parasitism occurs in over 700 species, in various degiees, 
and, of course, with varied lesults. Most of the parasites 
keep to the outside of the host {eg fish-lice), and suck 
nourishment by their mouths the Rhizocephala {e,g 
Sacculi7ia) send ramifying absorptive roots through the 
body of the host Sometimes the parasitism is temporary 
(^Arguius) I sometimes only the females are parasitic (eg. in 
Ler?ima). The parasites tend to lose appendages, segmen- 
tation, sense organs, etc., but the reproductive organs 
become more fertile. The hosts, eg. crabs, infested by 
Rhizocephala, are sometimes materially affected, and even 
rendered incapable of reproducing. 

Some Crustaceans live not as parasites, but as commensals 
with other animals, doing them no harm, though sharing their 
food. Thus there is a constant partnership between some 
hermit-crabs and sea-anemones (Fig 16). The hermit-crab is 
concealed and protected by the sea-anemone , the latter is 
carried about by the Crustacean, and gets fragments of 
food. 

Masking is also common, especially among crabs. Some 
will cut the tunic off a sea-squirt and throw it over their own 
shoulders. Many attain a mask more passively, for they are 
covered with hydroids and sponges, which settle on the 
shell There is no doubt, however, that some actively 
mask themselves, for besides those known to use the 
Tunicate cloak, others have been seen planting seaweeds 
on their backs. The protective advantage of masking both 
in offence and defence is very obvious. 

The intelligence of crabs and some of the higher Crus- 
taceans IS well developed Maternal care is fiequent. 
Fighting is very common. Many will voluntaiily ” part 
with a leg to save themselves from their enemies The 
loss of limbs is readily repaired. 

Deep-sea Crustaceans are very abundant, and often 
remarkable “for their colossal size, their bizarre forms, 
and brilliant red colouring , in many cases, they are 
brilliantly phosphorescent. Yet more abundant are the 
pelagic Crustaceans (especially Entomostraca and Mysids) ; 
they are often transparent except the eyes, often 
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brightly coloured or phosphorescent. Many Crustaceans 
live on the shore, and play a notable part m the struggle 
for existence which is so keen in that densely crowded 
region The lower Crustaceans are abundantly repre- 
sented in fresh water, m pools, streams, and lakes. A 
few Crustaceans, such as wood-lice and land-crabs, are 
terrestrial, and some blind forms occur in caves. 
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Classes {continued ) — Onychophora or Prototracheata ^ 
MyriopodAj and Insecta 

These three classes form a senes of which winged insects 
are the climax. The type Feripatus is archaic, and links 
the series to the Annelids : the Myriopods lead on to the 
primitive wingless insects. All breathe by trachea — tubes 
which carry air to the organs of the body — and all have 
antennsej hence they are often united under the title 
Tracheata Antennata. 

First Class of Tracheata Antennata. — Onychophora or 
Prototracheata 

General Characters 

The body is worm-like in forni^ soft-skinned^ and without 
external segmentatioiu 

The appendages are — a pair of prominent pre-o?'al antennce^ 
a pair of jaws in the mouthy a pair of shme-secreting oral 
papillm^ which development shows to be true appendages^ 
numerous pairs of shorty imperfectly jointed legs, each with 
two claws, and a pair of anal papillce, which are rudi- 
mentary appendages. The legs contain peculiar (crural) 
glands. 

Respiration is effected by numerous unbranched trachece 
with openings iri'egularly scattered. The heaid is an elongated 
dorsal vessel with valvular ostia. There is a semes of 
nephridia in the legs. The halves of the ventral nerve-cord 
are widely separate. All are viviparous. 



ONYCHOPHORA OR PROTOTRACHEATA 


319 


I?i its 'Possession of trachecB and nej)hniwr4hu^i}e is an 


in teresting- connecting link . in many wavs it seems to be an 
'"ol^-fa ^toned surviTJor of an archaic stock There are about 
Tiaifad^zen ge?iera very widely distributed 

The On37chophora are very beautiful animals Prof. 
Sedgwick says ■ “The exquisite sensitiveness and continu- 
ally changing form of the antennae, the well-rounded plump 
body, the eyes set like small diamonds on the side of the 
head, the delicate feet, and, above all, the 


rich colouring and velvety texture of the 
skin, all combine to give these animals an 
aspect of quite exceptional beauty ’’ They 
are shy and nocturnal, with a great dislike to 
light They seek out damp places under 
leaves and among rotting wood They feed 
on insects, which they catch by the ejection 
of slime from the oral papillae. The slime 
is also squirted out w^hen they are irritated 
To their shy habits their persistence is 
possibly in part due They are able to 
move quickly, somewhat after the fashion of 
millipedes, especially like Scolofendrella, 
They have been seen to climb up vertical 
glass plates. When at lest or irritated they 
coil up in a circle. 



Like some othei archaic types, e.g Dipnoi, the ternal foim of 
Onychophora have a ^ ery wide lange of distiibution, Penpatus — 
which may be briefly indicated — Peripatus (tiopi- After Balfour, 
cal America and tiopical Afiica) ; Eoperipatus (Indo- and 

Malay) , Penpaioides and Ooperipatiis (Australasia) ; 

Opi^thopatus (Chill and South Africa) , Parapet ipatus 
(New Britain), (Central Afiica) 


A more Detailed Account of Pempatus 

Form —The body suggests an Annelid or a catei pillar, but, apart 
from the appendages, there is no external segmentation There is a 
clear doiso-median line Ovei the soft skin aie numerous mmute warts 
with small bustles. The mouth is ventral and anterior , the anus 
terminal and posterior 

Appendages.— The fiist aie the large, ringed antenna ? ; then follow 
the sickle-like jaws in the mouth cavity ; a little farther back are two 
oial papilL-e from which shrae is exuded Then there are the 14-42 
stump-hke legs, each with two teiminal chitmous claws 
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Skin. — The chitinous cuticle, oidinaiily thick in Arthiopods, is 
delicate. It is subject to moulting. The epideimis is a single layei of 
cells Beneath it theie is a deimis. 

Muscular system. — Externally theie is a layei of ciiculai muscles ; 
within this lies a double layei of diagonal hbies ; mteinally theie aie 
stiong longitudinal bundles Finally, in connection with this internal 
layer, theie aie fibies which divide the appaient body ca\ity into a 
median and twu lateral compaitments The median includes heart, 
gut, slime glands, lepiodiictive oigans , the laterals include the nerve- 
coids and salivary glands ; the legs contain ncphiidia and coxal or 
cruial vesicles. Stuped, rapidly contiacting muscles aie chaiactenstic 
of Arthropods, but in Peiipatiis the muscles are unstriped, excepting 
those which woik the jaws and are perhaps the most active The true 
coelom IS represented in the embijo by the cavities of the mesoderm 
segments, which give oiigin to the musculai system. 

Mervous system. — The doisal brain is connected by an oeso- 
phageal ring with the two widely separate lateio- ventral nerve-coids 
These are connected tiansveisely by numeious commissuies, aie slightly 
swollen opposite each pan of legs, to which they give off nerves, and 
aie united postenoily ovei the anus There are only hints of ganglia, 
but there is a continuous layer of ganglionic cells The biain is very 
homogeneous, simpler than that of most Insects Sense oigans are 
represented by two simple eyes on the top of the head These aie 
most like the eyes of some maiine Annelids. 

Alimentary canal. — Round about the mouth papillse seem to 
have fused to foim a “mouth cavity,” which includes the mandibles, a 
median pad or tongue, and the opening of the mouth proper. The 
mouth leads into a muscular pharynx, into which opens the common 
duct of two laige salivary glands, which extend far back along the body. 
Mouth, phaiynx, and shoit oesophagus are lined by a chitinous cuticle, 
like that of the exteiioi The long endodermic digestive region or mid- 
gut extends from the second leg nearly to the end of the body Its 
walls aie plaited. Finally, there is a shoit rectum or proctodseum, 
lined by a chitinous cuticle 

Circulatory system. — The doisal blood vessel forms a long con- 
tractile heart. It lies wuthin a pericardial space, and receives blood 
by segmentally ananged apertures with valves The ciiculation is 
mostly in ill-defined spaces in the apparent body cavity or “heemo- 
coele ”, 

Respiratory system. — ^\^eiy long and fine unbranched tracheae are 
widely distributed in the body ; a number open together to the exterior 
m flask -like depressions These openings or stigmata are irregularly 
distributed. 

Excretory system. — A pan of nephndia he in each segment. 
Each consists of an internal mesodeimic terminal funnel, a looped canal, 
and a wide vesicle which opens neai the base of each leg, the two last 
parts being invaginations of the ectoderm Nephiidia are not known in 
any other Tiacheate. The salivary glands and the genital ducts seem to 
be modified nephndia. It may be noted, too, that the same is perhaps 
true of the “coxal glands” of Ltviulw and of the antennary glands 
of Crustaceans 
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Coxal 01 crural glands he m the legs and open to the exteiior They 
can be in part evaginated, and they probably help in respiration In 
the male of P capensis the last pair are \ery long (Fig 16S, a g-. ) The 
large mucous glands, which pour foilh slime fiom the oral papillx, are 
legal ded as modified cruial glands 

Reproductive system.— («) Female (of P. edivanPu) —From the 
two o\aries, which aie sunounded by one connective tissue sheath, and 
arise, as usual, from the cocloinic epithelium, the ova pass by two long 
ducts leading to a common terminal vagina opening between the second 
last legs These ducts are for the most part uteii, but on what may be 
called the oviduct portions adjoining the ovaries, there aie two pairs of 
pouches— a pair of receptacula semims (for stoiing the spermatozoa 



Fig 168 — Dissection of Penpatus , — After Balfour 

at , Antennae , or ^ , oral papillae , eg , cerebral ganglia , si d , 
duct of slime gland (si g) , s 0 S, eighth segmental organ or 
nephiichum , vc, ventral nerve connected bytrans\erse com> 
missures (co ) with its fellow , s o seventeenth nephridium , 
g 0 , genital apeiture , A , anus , p d c ^ posterior commissure 
F ly, seventeenth appendage , ag, last crural gland— that of 
the opposite side is marked v ^ , F r, B 2, first and second 
legs , oe CO,, oesophageal nerve commissure , oe , oesophagus , 
ph , pharynx — the remainder of the gut is removed 


received during copulation), and a pair of receptacula ovorum for stoimg 
feitilised eggs. 

The eggs are hatched in the uteri, and all stages are there to be found 
in regular ordei. The young embryos seem to be connected to the wall 
of the uterus by what has been called a “placenta,” so suggestive is it 
of mammalian gestation The older embryos lose this “ placenta,” but 
each lies constricted off fiom its neighbours When boin the young 
resemble the parents except m size and colour. In P. capensis the 
period of gestation is thirteen months 

(b) Male (of P, edwa^Esii) — The male elements are produced in 
small testes, pass thence into two seminal vesicles and onwaids by two 
vasa deferentia into a long single ejaculatory duct, which opens in front 
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of the anus In the ejaculatory duct the spermatozoa are made into a 
long packet or spermatophore, which is attached to the female It 
IS probable that the speimatozoa boie in through the skm^ as in some 
leeches 

While it IS characteristic of Aithropods, in which the development 
of chitin is so predominantj that ciliated epithelium is absent, it seems 
that in Penpaius^ which is much less chitmous than the others, ciliated 
cells occur in some paits of the repioductive ducts 

Development. — There is some vaiiety of development in different 
species. Thus there is much yolk in the ovum of P novca zealandtce^ 
extremely little in that of P capejtsis. 

In P, capensts tYit “segmentation” 
is remarkable, for true cleavage of 
cells does not occur. The fully 
“ segmented ” ovum does not exhibit 
the usual cell limits It is a proto- 
plastic mass — or syncytium — with 
many nuclei. Even when the body 
is formed, the continuity of cells 
persists, nor does the adult lack 
traces of it. To Prof. Sedgwick this 
smgulai fact suggested the theory 
that the Metazoa may have begun 
as multmucleate Infusorian-like ani- 
mals 

The gut appears from a fusion of 
vacuoles within the multinucleated 
mass, and a gastrula stage is thus 
established A very interesting 
feature is that the blastopore or 
mouth of the gastrula is first elon- 
gated, then dumb-bell shaped, then 
closed except at the two ends which 
form the mouth and the anus. 

In the ova of P novm zealancHs, 
Fig i6<^—Emhxyoso{PeHpaius which have much yolk, a superficial 
capenszs, showing closure of multiplication of nuclei forms a sort 
blastopore and curvature of of blastoderm, which spreads over 
embryo.— After Koischelt and almost the entire ovum. The seg- 
Heider. mentation in this case has been called 

a , Anus ; hi , blastopore , vt , mouth , centrolecithal (the type characteristic 
p s , primitive segments , w , zone of of Arthropods), but it is again 
proliferation ^ 

not exist as well-defined units. It 
has been said, indeed, that “ the embryo is formed by a process of 
ciystallising out zn situ from a mass of yolk, among which is a proto- 
plasmic leticulum containing nuclei.” 

Zoolog'ical position. — The synthetic characters of Perzpatus and 
Its allies may be thus summarised ; — 
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Annelid Characteristics. 

Segmentally ai ranged nephridia 
as m Chcetopods. 

The muscular ensheathmg of the 
body 

The cilia in the genital ducts. 

Less impoitant are the stump-like 
hollow legs and the simple 
eyes. 


Arthropod and Tracheate 
Characteristics. 

The presence of tracheae. 

The nature of the heart (a tube 
with paired ostia communicat- 
ing with a pericardium) and 
the lacunar ciiculation. 

The modification of appendages 
as mouth organs. 

The foim of the salivary glands. 

The smallness of the genuine 
coelom ; the cavity of the 
body is hmniocoelic. 


The Onychophoia differ from other Tiacheata Antennata m the 
simplicity and diffuseness of the tiachem, m having only one pair of 
jaws, in the absence of external segmentation, in the nature of the 
body wall, and so forth 

The ladder "like character of the vential nervous system (cf primitive 
Molluscs, Phyllopod Crustaceans, and Nemerteans) is probably primi- 
tive That salivary glands and genital ducts are homologous with 
nephridia is a fact of much morphological interest. It is possible that 
the slime glands aie modifications of crural glands, and that the latter 
are homologous with the paiapodial glands of some Annelids. It is 
not certain that the antennte, jaws, and oral papillce of Peitpatus 
piecisely correspond to the antennce, mandibles, and fiist maxillge of 
Insects. 

Our general co nclusion is that Pe? 2 pains is an archaic type, a sur- 
vivoTonorms wliicITwere ancestral to~ Tiacheata and closely related to 
Annelfdsi 


Second Class of Tracheata Antennata.— Myriopoda. 

Centipedes and Millipedes 

The centipedes and millipedes, which are grouped 
together in the class Myriopoda, are usually elongated, 
somewhat vermiform animals, with a distinct head and a 
very uniform segmented trunk. The head bears eyes 
(groups of eye-spots, not compound eyes like those of 
insects, except in Scutigera), jointed antenna, and two or 
three pairs of jaws. The segments of the trunk bear six- or 
seven-jointed legs with terminal claws, very similar through- 
out. The nervous system, the trachea, the heart, the ex- 
cretory tubules, etc., are like those of Insects. It cannot 
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be said that the centipedes {Chilopoda) and the millipedes 
{Diplopoda) are very closely related to one another, and 
there are two other distinct orders, Symphyla and Pauropoda 
The resemblances are in part resemblances of comergence^ 
not of genuine affinity. Simple wingless insects, known as 
Collembola and Thysanura, are closely approached by such 



Fig. 170. — A millipede 



Fig 17 1 — A centipede 


Myriopods as Scolopendrella , and j.t js likely that Myriopods 
and Insects are d i vergent brandies^from a coinr^^ 
stpcET ^ 

Centipedes and millipedes are characteristically terrestrial. 
Most are very shy animals, lurking in dark places and 
avoiding the light, but it is interesting to note that at 
least two Myriopods — Geophilus submarmus and Linotcenict 
i?iariti?na — occur on British coasts. 
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Centipedfs 

Chilopoda 

Millipedfs 

Diplopoda (or Chilognatha) 

Carmvoious 

Poisonous 

Body usually flat 

Vegetarian 

Harmless 

Body cylindrical 

One pan of appendages to 
each segment The stigmata do 
not correspond in number to the 
segments , they often occur on 
alternate segments. 

By the imperfect separation of 
the segments, all but the first three 
behind the head seem to have t\\ 0 
pairs of appendages each, and also 
two paired ganglia, and tw'o pairs 
of stigmata (tiacheal openings). 

Many-jomted antennae. 

Toothed cutting mandibles. 
Two pans of maxillae, usually 
with palps 

Seven-jomted antennas. 

Broad masticating mandibles 

A pair of maxillae fused in a 
broad plate, usually four-lobed. 

The first pan of legs modified 
as poison claws. 

No poison claws. 

A single genital aperture on the 
second last segment 

Genital apertures open an- 
teriorly 

Examples — ScoIope7td7'a. 

Lithobiiis, 

Geophzlus* 

Examples. 

Polyxemts, 

Glofzierzs. 


In the Older Symphyla {Scolol'e7id7eUa) there are not more than 
twelve segments, and there is only one pair of tracheae, which open on 
the head Scolopendrella is m several ways like the primitive insects 
known as Thysanura In the order Pauropoda [Pauropis)j theie are 
ten segments, and the antennae are branched. 

Third Class of Tracheata Antennata. — Insecta 

Insects occupy a position among the backboneless 
animals like that of birds among the Vertebrates. The 
typical members of both classes have wings and the power 
of true flight, richly aerated bodies, and highly developed 
respiratory, nervous, and sensory organs. Both are very 
active and brightly coloured. They show parallel differ- 
ences between the sexes, and great wealth of species within 
a narrow range 
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General Characters 

Like other Arthropods^ Insects have segmented bodies, jointed 
legs, chitinous armature, and a ventral chain of ganglia Imked 
to a dorsal brain Compared with Penpatus and Myriopods, 
adult insects show concentration of the body segments, decrease 
in the number and increase in the quality of the appendages, 
and wings in the great majority. 

Insects are terrestrial and aerial, and rarely aquatic 
animals , usually winged as adults, breathing by means of 



Fig 172. — Female cockroach Fig. 173 — Male cockroach 

{P. onentahs) {P orient ahs). 


trachece, and often with a tnetamorphosis in the course of their 
life history. 

The body is divided into three distinct regions, — head, thorax, 
and abdomen. The head bears a pair of pre-oral antenna, 
and three pairs of mouth appendages ; the thorax hears a pair 
of legs on each of its three segments, and, typically, a pair of 
wings on each of the posterior 4wo , the abdomen has no 
appendages, unless 7'udimentary modifications of these be re- 
presented by stings, ovipositors, etc. 

First Type of Insects, Penplaneta (or Blattd ). — 

The Cockroach 

Habits. — The cockroaches in Britain are immigrants 
from the East {P. orkntalis), or from America {P. americano). 


COCKROACH. 


External Characters 


Other Strlcturfs 


The head is ver- 
tically elongated 
and separated 
from the thorax 
by a neck 


The thorax con- 
sists of three seg- 
ments— 

{d) prothorax, 
(i 5 ) mesothorax, 


1 The antennas (probably homologous vv ith 
appendages), long, slender, many-jointed, 
tactile 

2 A pair of stout toothed mandibles woik- 
ing sideways 

^ The first maxillae, each consisting— 
(a) of a basal piece or protopod ite with two 
joints a basal cardo, a distal stipes , 

{b) of a double endopodite borne by the 
basal piece, and consisting of an inner 
lacinia and a softer outer galea , 

(c) of an exopodite or maxillarj' palp also 
borne by the basal piece, and consist- 
ing of five joints 

4 The second pair of maxillae, fused to- 
gether as the “ labium,” consisting— («) of a 
fused basal piece or protopodite with two 
joints a basal sub-mentum, a smaller distal 
mentum , on each side this protopodite | 
bears— 

(i 5 ) a double endopodite (ligula) consisting 
of an inner lacinia and an outer 
paraglossa, 

{c) an exopodite or labial palp, consisting 
of three joints. 


{d) First pair of legs. 
\b) Second pair of legs 


The large black compound 
eyes 

The “ upper lip ” or labrum, m 
front of the mouth 
The white oval patches near 
the bases of the antenna;, pos- 
sibly sensory 


(c) metathorax i 
(Each segment , 
is bounded by a j 
dorsal tergum 
and ventral ster- 1 
num ) I 


The abdomen 
consists of 10 
(or ii) distinct 
segments, with 
terga and sterna 
as in the thorax 
The first sternum 
is rudimentary in 
both sexes, and 
in the female the 
eighth and ninth 
segments are con- 
cealed by the 
large seventh 


(<;) Third pair of legs Each leg consists 
of many joints — a basal expanded 
I'coxa’’ w'lth a small “tiochanter” at 
its distal end, a “femur," a “tibia,” 
a six-]ointed tarsus or foot ending in a 
pair of claws (Fig 175) 


Tw'O cigar-shaped tactile anal cerci, at- 
tached undei the edges of the last tergum, 
are possibly relics of the last abdominal 
appendages 

The ninth sternum of the male bears a 
pair of styles, possibly relics of appendages 
Both sexes have complex hard structures 
(gonapophyses) beside the genital apertures 
They are possibly relics of appendages. 


(i) A pair of wmg-covers (modi- 
fied wings), rudimentary in 
female of F orwitahs 
(t) A pair of membranous 
w'lngs, sometimes used in 
I flight, folded when not in 
use, absent in female of 
P otwitaLis 

Between the segments of the 
thorax are two pairs of respira- 
tory apertures or stigmata 
A pair of stigmata occur be- 
tween the edges of the terga and 
sterna in the first eight abdo- 
minal segments 
The anus is terminal, beneath 
the tenth tergum of the abdo- 
men , a pair of “podical plates” 
he beside it 

The genital aperture is on the 
eighth segment in the female, 
behind the ninth sternum in the 
male 

The opening of the speima- 
theca— the female’s receptacle 
for spermatozoa — lies on the 
ninth sternum of the abdomen 
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They are omnivorous in their diet, active in their habits, 
hiding during the day and feeding at night. They are 
ancient insects, foi related forms occurred in Silurian ages , 
they are average types, neither very simple nor very highly 
specialised. Their position is among the Orthoptera, in the 
same order as locusts and grasshoppers The hatched young 
are like miniatures of the adults, except that wings are 
absent If there are wings, they appear at the last moult, 
when the cockroach becomes sexually mature 



Fig. 174.— Vential aspect of male cockroach with the wings extended. 
An imaginary median line has been inserted. 

A , antennae , £ , eye , P T , prothorax , first pair of wings , 

1F3, second pair of wings , C , cercus , Si , style , Co , coxa , 

Tr , trochanter , P , femur , Tz , tibia , To. , tarsus 


Skin. — There is an external chitmous cuticle and a 
subjacent cellulai layer — the epidermis or hypodermis — 
from which the cuticle is formed. The newly hatched 
cockroaches are white, the adults are dark brown. 

Moulting, which involves a casting of the cuticle, of the 
internal lining of the trachece, etc., occurs some seven times 
before the cockroach attains in its fifth year to maturity. 

The muscles which move the appendages, and produce 
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r , Broad expanded coxa , tr , troch- 
anter;/, femur, h, tibia, fa., six- 
jointed tarsus with terminal claws 
and adhesive cushions 


the abdominal movements essential to respiration, are 
markedly cross striped They 
are in many cases attached 
to special tendons, which 
arise as cuticular invagina- 
tions, and are lost and re- 
placed at each moult. 

Nervous system. — A pair 
of supra-oesophageal or cere- 
bial ganglia lie united m the 
head. As a brain they receive 
impressions by antennary and 
optic nerves. By means of a 
paired commissure surround- 
ing the gullet, they are con- 
nected with a double ventral 
chain of ten ganglia Of these, the first or sub-cesopha- 
geal pair are large, and give off nerves to the mouth-parts, 

etc. , from each of the 
ganglia of the thorax 
and the abdomen 
nerves are given off 
to adjacent parts. 
There are three pairs 
of ganglia in the 
thorax, and six m the 
abdomen, of which the 
last IS the largest. 
From the oesophageal 
commissures visceral 
nerves are given off to 
the gullet, crop, and 
gizzard. Besides the 
large compound eyes, 
there are other sensory 
structures — some of 
the set^e on the skin, 
the maxilla (to some 
extent organs of taste), 
the antennae (tactile and olfactory), the anal cerci (tactile), 
and possibly the oval white patches on the head. 



-mx p 


Fig 1 76. — Mouth appendages of cock- 
roach. — After Dufoiii 

I , mandibles, II first maxillse, C , cardo , 
■5“/, stipes, Z, lacmia , G, galea, mx fi , 
maxillary palp , HI second maxillte or la- 
bium , Sni , submentum , m , mentum , L , 
laciniae , pg ^ , paiaglossa , I p , labial palp 
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Alimentary system. — (i) The fore-gut (stomod^um) is 
lined by a chitinous cuticle continuous with that of the outer 
surface of the body. It includes — {a) the buccal or mouth 
cavity, in which there is a tongue-like ridge, and into 
which there opens the duct of the salivary glands , {h) the 
narrow gullet or oesophagus , (^•) the swollen crop , [d) the 
gizzard, with muscular avails, six hard cuticular teeth, and 
some bristly pads. 

Theie is a pair of diftuse salivary glands on each side of the crop, and 
between each pair of glands a salivaiy receptacle. The ducts of the 
two salivaiy glands on each side unite ; the two ducts thus formed 
combine in a median duct, and this unites with anothei median duct 
formed from the union of the ducts of the receptacles. The common 
duct opens into the mouth. 

(2) The mid-giit (mesenteron) is lined by endoderm. It 



Fig. 177 — Tiansverse section of insect — After Packard. 

Heart; gut, nerve-cord, st ^ stigma, tr ^ trachea, 70, wing, 
y, femur of leg 

is short and narrow, and with its anterior end seven or 
eight club-shaped digestive (pancreatic) outgrowths are 
connected. 

(3) The hind-gut (proctodasum) is lined by a chitinous 
cuticle. It IS convoluted and divided into narrow ileum, 
wider colon, and dilated rectum with six internal ridges. 

Respiratory system. — The tracheal tubes, which have 
ten pairs of lateral apertures or stigmata, ramify throughout 
the body, and have a spirally thickened chitinous lining. 

Circulatory system.— The chambered heart lies along 
the mid-dorsal line of abdomen and thorax. It receives 
blood by lateral valvular apertures from the surrounding 
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pericardial space, and drives it forwards by a slender aorta. 
The blood circulates, however, within ill-defined spaces in 
the body. 

Excretory system.— There are sixty or so fine (Mal- 
pighian) tubules, which rise in six bundles from the begin- 
ning of the ileum, and twine through the 'Tatty body^’ 
and in the abdominal cavity. The absence of nephridia 
in insects has been already mentioned. 


Reproductive System 


Of the Male. 


The testes are paired organs, sur- 
rounded by the fatty body 
below the 5 th and 6th ab- 
dominal terga They atrophy 
in the adult. 

From the testes, two narrow ducts 
or vasa deferentia lead to two 
seminal vesicles. 

These seminal vesicles (the 
‘ ‘ mushroom - shaped gland ”) 
open into the top of the ejacu- 
latory duct 

This duct opens between the 9th 
and loth sterna Beside the 
aperture, there are copulatory 
structure's (gonap'ophyses). 
With the ejaculatory duct a 
gland is associated 

Large branched tubular glands 
secrete a volatile alkaline sub- 
stance, with a strong mousy 
odour, probably offensive to 
enemies 


Of the Female. 


The ovaries are paired organs, in 
the posterior abdominal region, 
each consisting of eight ovarian 
tubes. These are bead-like 
strings of ova at various stages 
of ripeness. 

From the ovarian tubes of each 
side eight eggs pass at a time 
into a short wide oviduct. 


The two oviducts unite and open 
in a median aperture on the 
8th abdominal sternum Be- 
side the aperture are hard 
structures (gonapophyses) 
which help in the egg-laying. 
On the 9th abdominal steinite a 
pair of arborescent glands pour 
out their cementing secretion 
by two apertures The sper- 
^ matheca is a paired sac opening 
between the 8th and the 9th 
abdominal sternum. 


Sixteen ova, one from each ovarian tube, are usually 
enclosed within each egg-capsule. The latter is formed 
from the partly calcareous secretion of the arborescent 
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glands. Each egg is enclosed m an oval shell, in which 
there are several little holes (micropyles), through one of 
which a spermatozoon enters. Spermatozoa, from the store 
within the spermatheca, are included in the egg-capsule. 

At an early stage in development some cells associated with the 
mesoderm are set apait as reproductive cells, and oiiginally these ha\e 
a segmental arrangement as in Annelids ; at a later stage other meso- 
derm cells join these, some foiming ova, otheis epithelial cells around 
the latter. The distinction between tiiily reproductive cells and 
associated epithelial cells, which is said to be late of appealing m some 
of the higher insects, is established at a veiy early stage in the 
cockroach. 


Second Type of Insects. — The British Hive-Bee 
{^Apis mellificd) 

This IS a much more highly specialised type than the 
cockroach. It belongs to the order Hymenoptera. 

Habits. — The Hive-Bee {Apis mellificd) is a native of 
this country, and is the species most commonly found 
domesticated. It is the only British representative of the 
genus Apis^ and exhibits, in its most fully developed form, 
the social life which is foreshadowed among the Humble- 
Bees. As a consequence of this social life, there is much 
division of labour, which expresses itself alike m habit and 
m structure. The males (drones) take no part m the work 
of the colony, and are wholly reproductive j the females 
include the queen-bees and the workers. In the workers, 
which perform all the work of the hive, the reproductive 
organs are normally abortive and functionless. In the 
queens, of which there is but one adult to each hive, the 
enormous development of the reproductive organs seems to 
act as a check upon the brain and other organs, which 
are less developed than in the workers. The workers are 
further divisible into nurses, which are young and do not 
leave the hive, being occupied with the care of the larvae, 
and the older foraging bees, which gather food for the whole 
colony. 

In considering the lelation between the life of the Hive- 
Bee and that of many allied forms {Bonihus, etc.), it is 
important to notice that the habit of laying up stores of 
food material for the winter enables the colony, and not 
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merely an individual, to survive, and must thus have greatly 
assisted in the evolution of sociality. 

External features. — The body shows the usual division into head, 
Ihoiax, and abdomen, and vanes considerably in the thiee different 
types, being smallest in the woikeis It is entiiely covered with bans, 
some of which are sensitive, while otheis are used in pollen-gatheiing, etc 

The head beais antennc'e, 
which are composed of a long 
basal and numerous smallei 
joints They aie marvellously 
sensitive, serving to communn 
cate impressions, and also con- 
taining organs of special sense 
A pair of compound eyes, laigest 
in the drones, and thiee median 
ocelli, aie also present in the 
head legion. Of the other 
appendages of the head, the 
mandibles are in the workers 
very pow^eiful, and used foi 
many purposes connected with 
comb -building In the first 
maxillae the maxillary palps are 
aborted, and the appendage con- 
sists of an undivided lamina at 
each side, borne on a basal piece 
consisting as usual of stipes 
and cardo. The second pair of 
maxillae form as usual the labium 
or so-called lowei lip, and are 
much modified The united 
basal joints form the mentum 
and sub -mentum. From the 
mentum at either side springs 
the long labial palp, which re- 
piesents the outer fork of the 
typical appendage. The endo- 
podite at each side is divided 
into two paits, but the inner two 
(lacimae) are united, much elon- 
gated, and form the tongue or 
ligLila of the bee. The outei 
halves form the paiaglossae, which are closely apposed to the base of 
the ligula It IS the gieat elongation of the ligula and labial palps 
which especially fits the bee for nectar-gathering The three structures 
can be closely apposed to one another, and then form an air-tight tube, 
up which, by the action of the stomach, nectar is sucked. In many 
of our British bees the ligula is much shorter, and more or less trowel- 
like in shape, and is then used largely, as m wasps, in the operation of 
plastering the nest In such cases the bee can only suck those flowers 



Fig 178. — Head and mouth parts 
of bee — After Cheshire 

a , Antenna , m , mandible ; g , labrum or 
epipharynx , iiij. f , rudiment of maxil- 
lary palp , mx , lamina of maxilla , Ip., 
labial palp , / , ligula , d , bouton at end 
The paraglossje lie concealed between the 
basal portions of the labial palps and 
the ligula 
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in which the nectar is superficial The hive-bees and humble-bees, on 
the other hand, are specially modified to enable them to extract nectai 
from tubular flowers. When not in use, the elongated mouth-parts are 
folded back upon themselves, not coiled as in butteiflies and moths, 
where there is even greater elongation 

In the queen and in the drone the mouth-parts are shorter, and aie 
not used in honey-gathering. 

The thoracic appendages consist as usual of three pairs of legs, which 
have the usual parts On the first leg, at the junction of the tibia and 
the first tarsal joint, there is a complicated mechanism which is em- 
ployed in cleaning the antcnnoe ; this is piesent in all three forms, and 
\aries with the size of the antennas. In the woikers the third leg is 
lemarkably modified for pollen-gatheiing puiposes The first taisal 
joint beais regular lows of stiff stiaight hairs on which the pollen grams 
are collected ; they are borne to the hive in the pollen basket, placed 
at the back of the tibia, and furnished with numerous hairs. In queen 
and drone these special arrangements of bans are absent 

The second and third thoiacic segments beai each a pair of wings. 
These are largest m the diones and relatively smallest in the queen, 
who flies but seldom At the base of each wmg theie is a respiiatory 
spiracle 

In the adult queen and worker, the abdomen is divided into six- 
segments ; m the drone, into seven Theie are no abdominal appen- 
dages. On the ventral surface m the worker, but not in the queen or 
drone, theie are four pairs of wax pockets or glands, which seciete 
the wax, which, after mastication with saliva, is employed in building 
the combs. The abdomen also bears in queen and worker five pans of 
spiracles, but in the drone, on account of the additional segment, theie 
are six pairs. The total number of spiracles is thus fourteen for queen 
and worker, and sixteen for the drone. The posterior legion of the 
abdomen bears the complicated sting. In the worker this consists of a 
hard incomplete sheath, which envelops two barbed dai ts The poison 
flows dowm a channel lying between the darts and the sheath Ramify- 
ing through the abdomen are found the two slender coiled tubes which 
constitute the poison gland. At the posterioi end of the body these 
unite and open into a large poison sac When a bee uses its sting, the 
chitinous sheath first pierces the skin, and then the wound is deepened 
by the barbed and pointed darts, while at the same time poison is 
steadily pumped down the channel mentioned above, and pours out by 
minute openings at the bases of the darts The poison contains formic 
acid, and is fatal to the bee if directly intioduced into its blood 
Associated with the sting there are a pan of delicate tactile palps In 
the queen the sting is curved and more powerful, but it is apparently 
only used in combat with a rival. In the worker, the sting, and with it 
a portion of the gut, is usually lost after use, and, in consequence, 
death ensues ; the queen, on the othei hand, can withdraw- her sting 
from the wound with considerable ease. The sting is really an 
ovipositor adapted to a new function. Naturally, therefore, there is no 
trace of it in the drones 

Nervous system. — In the adult this exhibits considerable 
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fusion of parts. The supra-oesophageal ganglia are very 
large, and send large lateral extensions to the compound 
eyes. This “brain” is best developed m the active 
workers. The sub-cesophageal mass is formed by the 
fusion of three pairs of ganglia In the thorax there are 
two pairs of ganglia, of which the second supplies the wings 
and the two last pairs of legs. In the workei there are five 



Fig. 179. — Neivous system of bee — After Cheshire 

A, of larva B, of adult a , Antenna , mx , maxilla , m , mandible ; 
'iv 5 origin of wing , 1-5, abdominal ganglia. 


pairs of abdominal ganglia, but in the queen and drone 
only four. The sense organs are the simple and compound 
eyes, and the antennas, which are furnished with numerous 
sensitive structures. 

Alimentary system. — The oesophagus is a narrow tube 
which runs down the thoracic region. In the abdominal 
region it expands into the crop or honey-sac. The crop 
opens by a" complicated orifice, with a remarkable stopper 
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arrangement, into the digestive region or chyle stomach, 
which IS separated by a pylorus from the coiled small 
intestine. The inner wall of the small intestine bears 
numeious rows of chitinous teeth set m longitudinal ridges, 
and IS perforated by the apertures of the excretory tubules 
At the junction of the small with the large intestine there 
are six brownish plates, perhaps functioning as valves. 



Fig i8o — Food canal of bee. — In 
part aftei Cheshire. 

mx ^ Maxilla, a., antenna, e, eye, s 
salivary glands , oe , oesophagus , s , 
honey-sac , .r , stopper , c j , chylific 
stomach , inJ , Malpighian tubules , s z , 
small intestine , Lz , large intestine , 
st , sting 


In connection with the anterior 
region of the gut there is a very 
complicated series of glands. 
Fust we have, in the workeis 
only, on either side of the head, 
a long coiled gland which is 
intracellular in type. It is largest 
in the so-called ‘‘nurses” which 
feed the young, and diminishes 
m size later Accoiding to Mi 
Cheshire, this gland secretes a 
nitiogenous fluid which is fiu- 
nished to all the laivm in their 
early stages, but is supplied to 
the futiue queen dining the 
whole of the feeding period, and 
also during the peuod of egg- 
laying, this secretion was form- 
eily termed “royal jelly.” In 
addrtron to this pan of glands, 
there are m the woiker three 
t othei gland systems Of these, 
the second and thud pans have 
a common central outlet on the 
mentum, and secrete the saliva, 
which is plentifully mixed with 
the nectar during suction. The 
fourth pair is small, and the 
ducts open just within the mand- 
ible The last three pans of 
glands are found also in drone 
and queen. 

The method of feeding in 
the bee differs considerably 
in the three types. In the 


worker, the honey sucked 
up from flowers is mixed with saliva, passes down the gullet 
into the crop, thence by the opening of the '‘stomach 
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mouth ” it may reach the true stomach and so be digested, 
or may be carried in the crop to the hive, and there 
emptied into the cells by regurgitation. The pollen, which 
IS frequently mixed with the honey, is separated from the 
latter by means of the stomach mouth, and is digested. 
Before impregnation, the queen, like the worker, feeds on 
pollen and honey ; after it, she is always fed by the 



Fig i8i — Hive-bees and the cells in which they develop 

D , Dioiie cells , IF , worker cells , Q , queen cell, open and closed , 
d , drone , w , worker , $ , queen 


attendant workers The drones, like the young workers, 
avail themselves of the general food-supply of the colony, 
and do not themselves collect honey. 

Other systems. — The respiratory system is represented 
by the ramifying tracheal tubes. They open to the ex- 
terior by the lateral spiracles, which can be completely 
closed In connection with the trachese there are large 
air-sacs. 

The circulatory system is in essentials the same as that 
22 
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of the cockroach. The blood contains a few nucleated 
amoeboid corpuscles 

The excretory system consists of numerous fine Mal- 
pighian tubules which open into the small intestine. 

Reproductive system. — In the drone the reproductive 
organs consist of a pair of testes, each furnished with a 
narrow vas deferens, expanding at its distal end into a 
seminal vesicle. The seminal vesicles open into the ejacu- 
latory duct, and at their junction a large paired mucus gland 
opens. When maturity is reached, the testes dimmish in 
size, while the spermatozoa accumulate in the terminal 
expanded part of the ejaculatory duct, and there become 
aggregated into a compact spermatophore. With the ter- 
minal portion of the male duct copulatory organs are 
associated. 

Mating takes place only once in the life of the queen, 
and is followed by the death of the drone. 

In the queen the large ovaries occupy consideiable space in the 
abdominal region. As usual, each consists of numerous (100-150) 
ovarian tubes, containing ova in various stages of matuiity. The 
ovarian tubes open into the right and left oviducts, which again unite 
to form the common oviduct. With the anterioi portion of the common 
duct the globular spermatheca is associated. In connection with it 
there is a gland corresponding to the mucus gland of the male The 
oviduct terminates in a copulatory pouch. 

Previous to laying, the eggs aie feitilised by speims set fiee from 
the spermatheca. In the case of drone eggs, this liberation of sper- 
matozoa does not take place, and the eggs m consequence are paitheno- 
genetic. Queens which have never mated, oi which have exhausted 
their stock of male elements, habitually lay drone eggs, but those which 
are laying abundant fertilised eggs at times also lay unfertilised eggs 
This withholding of spermatozoa is said to be ‘‘^voluntary,” and 
related to the needs of the colony, but the physiological reason is 
unknown. 

The workers possess female oigans similar in type to those of the 
queen, but of an extiemely ludimentary nature 

The eggs are laid singly in the cells of the comb, at the rate of 
about two per minute, for weeks togethei They are of the usual 
insect type. According to the size of the cell m which it is deposited, 
and the food with which it is fiiinished, the feitilised ovum develops 
into a worker 01 into a queen. The development takes place within 
the cell, and includes a complete metaraoiphosis. 
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Classification of Insects 

I Piimiti\e wingless insects, Apteiygota oi Aptera, including 
Th}sanura, Machtli^^ Cainpodea^ Lepisma\ Collembolaj 
Spnngtails, eg. Podma^ SfnyntJnirii^ 

II. Winged insects, Pterygota (in some degeneiate forms the wings 
have been lost) 

A With mouth-paits usually adapted thioughoul life for biting 
(Menognathous), with no metainoiphosis (Ametabolic) or 
with incomplete metamoiphosis (Heniimetabolic) 
e.g. Orthopteia (cockioach, locust, ciicket, etc ) , 
Coiiodentia (Teimites, bud -lice); Odonata 
(Dragon-flies) , Ephemenda (May-flies) , and 
Deimapteia (Earwigs) 

B With mouth-paits adapted in the main as suctorial 
organs (ISIenorhynchous), usually with no metamorphosis 
(Ametabolic) 

e.g Rhynchota or Hemiptera, e g. Phylloxeia, aphides, 
coccus insects ; Cicadas , bugs ; water-scoi- 
pions, lice. 

C. With complete metamorphosis (Holometabolic), wuth 
mouth-paits always adapted foi biting (Menognathous), 
or adapted at first foi biting and afterwards for sucking 
(Metagnathous) 

e.g Coleoptera (beetles) ; Dipteia (tw'o-wmged flies) ; 
Lepidoptera (buttei flies and moths) ; Hymen- 
optera (ants, bees, and wasps). 


General Notes on Insects 

The main characteristics of insects have already been 
described in the two types chosen, but we here revise them 
in general terms. 

Form. — The body of an adult insect may be divided into 
three distinct regions * — 

1 The undivided head, which consists of at least three fused seg- 

ments, as It bears three pairs of appendages besides the antenna\ 

2 The median thorax, divided into pro-, meso-, and meta-thoracic 

segments, each with a pair of legs, the last two often w-ith wings 

3. The abdomen, with about eleven rings, usually without trace of 
limbs. 

Within these limits theie is great variety of form, eg. the long 
dragon-fly wuth its large outspread wings, the compact cockchafer, the 
thm-waisted wasps and long -bodied butterflies, the house-fly and 
cricket, the large moths and beetles, and the almost invisible insect 
parasites. 

Appendages. — Insects feel their way, test food, and 
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apparently communicate impressions to one another, by 
means of the antennae, which some authorities regard as 
pre-oral outgrowths, not as true appendages. Then follow 



the mandibles, first maxillae, and second maxillae, on the 
head, the three pairs of legs on the thorax; and some- 
times vestiges of legs on the abdomen. 
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It was a step of some importance m morphology when Savigny 
showed that the thiee pairs of appendages about the mouth are 
homologous with the othei appendages, 2 e, are masticatory legs 

(1) Farthest forwaid he two maj^tbles, the biting and cutting jaws. 
These are smgle-jointed, and thus differ from the oigans of the same 
name in the crayfish, which bear a three-jomted palp in addition to the 
hard basal part In those insects which suck and do not bite, e.g 
adult butterflies, the mandibles are reduced 

(2) Next in order is the Jirst pmr of waxtllce Each maxilla consists 
of a basal piece (protopodite), an inner fork (endopodite), and an outer 
fork (exopodite). The entomologists divide the protopodite into a 
lower joint, the oardo, and an upper, the slzpes ; the endopodite into an 
internal lacima and an external galea', while the exopodite is called 
the maxillary palp 

(3) The last pair of oral appendages or second maxi lice are partially 
fused, and form what is called the labium The lower and upper 
joints of their fused protopodites are called subrnentum and mentum ; 
the endopodites on each side are double, as in the first maxillm, and 
consist of internal lacima and external paraglossa ; the exopodites are 
called the labial palps. 

The three pairs of thoracic legs consist of many joints, are usually 
clawed and hairy at their tips, and differ greatly according to theii uses, 
as may be seen by comparing, for instance, the hairy feet by aid of 
which the fly runs up the smooth window-pane, the muscular limbs of 
grasshoppers, the lank length of those ^^hlch characterise “ daddy-long- 
legs,” the bees’ legs with their pollen baskets, the oars of water-beetles. 

Wings. — These arise as flattened hollow sacs, which grow 
out from the two posterior segments of the thorax. They are 
moved by muscles, and traversed by “veins” or “nervuies,” 
which include air-tubes, nerves, and vessel-like continuations 
of the body cavity. Most insects have two pairs, but many 
sluggish females and parasites, like lice and fleas, have lost 
them. On the other hand, there is no reason to believe 
that the very simplest wingless insects, known as Collembola 
and Thysanura, ever had wings. 

There are many interesting differences in regard to wings in the 
various orders of Insects Thus in beetles the front pair form wing- 
covers or elytra; in the little bee parasites— Strepsiptera— they are 
twisted rudiments ; in flics the posterior pair are small knobbed stalks 
(halteres or balancers) ; in bees the wings on each side are hooked 
together. When the insect is at rest, the wings are usually folded neatly 
on the back ; but dragon-flies and others keep them expanded ; butter- 
flies raise them like a single sail on the back ; moths keep them flat. 
Many wings bear small scales or hairs, and are often brightly coloured 
It is well known that the colours also vary with sex, climate, and 
suiroundings. Most interesting are those cases in which the colours of 
an insect harmonise exactly with those of its habitat, 01 make it a 
mimetic copy of some more successfully protected neighbour 
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As to the origin of wings, it may be mentioned that in many cases 
they are of some use m respiration as well as in locomotion, and the 
theory seems plausible that wungs were oiiginally lespiiatoiy outgiowths, 
which by and by became useful for aenal locomotion New oigans 
seem often to have aiisen by the predominance of some new function 
in organs which had some prior significance Moieover, we can fancy 
that an increase in respiratory efficiency brought about by the out- 
giowths in question would quicken the whole life, and would tend to 
raise insects into the air, just as teriestiial insects can be made to frisk 
and jump when placed in a \essel with lelatively more oxygen than 
there is in the atmosphere Finally, we 
must note that the aquatic laivm of some 
insects, e g may-flies, have a senes of 
respiiatoiy outgrowths from the sides of 
the abdomen, the so-called “tracheal 
gills,” which in origin and appeaiance aie 
like young wings {Fig 183) 

Insects excel in locomotion 
“They walk, run, and jump with 
the quadrupeds , they fly with the 
birds , they glide with the serpents, 
and they swim with the fish.” They 
beat the elastic air with their wings, 
and though there cannot be so 
much complexity of movement as 
m birds where the individual 
feathers move, the insect wing is 
no rigid plate, and its up-and-down 
motions are complex They can 
Fig 183.— Young may-fly soar rapidly, but their lightness 
or ephemerid — Aftei Eaton, often makes horizontal steering 
difficult. The wind often helps 
as well as hinders them , thus 
the insects which fly m and out of the windows of 
express trains are probably m part sucked along. Marey 
calculates the approximate number of wing strokes per 
second at 330 for the fly, 240 for the humble-bee, 190 for 
the hive-bee, no for the wasp, 28 for the dragon-fly, 9 for a 
butterfly. For short distances a bee can outfly a pigeon 
Skm. — As in other Arthropods, the epidermis (or hypo- 
dermis) of Insects forms a firm cuticle of chitin, which in 
the exigencies of growth has sometimes to be moulted. 
This cuticle is often finely marked, so that the animal seems 
iridescent; and there are many different kinds of scales, 
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hairs, and spines. Chitm is not favourable to the develop- 
ment of skin glands. Most insects have “ salivary glands ’’ 
opening in or near the mouth Bees have wax-making 
glands opening on the abdomen, aphides have glandular 
tubes , not a few have poison bags , and many larvae besides 
silkworms have organs from which are exuded the threads 
of which a cocoon is made 

Muscular system. — In very active animals like Insects, 
we of course find a highly developed set of rapidly contract- 
ing striped muscles These work the wings, the legs, and 
the jaws. The resulting movements have this further 
significance, that they help m the respiratory interchange of 
gases, and in the circulation of the blood. 

Nervous system. — As in other Arthropods, the nervous 
system consists — {a) of a dorsal brain or supra-cesophageal 
ganglionic mass, and {b) of a double ventral nerve-cord with 
a number of paired ganglia, of which the most anterior (the 
sub-oesophageal) are linked to the brain by a ring com- 
missure around the gullet ; and {c) of nerves given off from 
the various ganglia to the sense organs, the alimentary canal, 
and the other organs. In many of the higher insects the 
ganglia of the ventral nerve-cord are in some degree con- 
centrated, and in the adults are usually more centralised 
than in the larvae 

Sensory structures. — Animals so much alive as Insects, 
and in surroundings so stimulating as many of them enjoy, 
have naturally highly-developed sense organs. 

Two compound eyes are present on the head of all adults 
except the primitive Collembola, the degenerate lice, the 
likewise parasitic fleas, and blind insects which live m caves 
or other dark places. Each eye contains a large number of 
similar elements, in each of which we can distinguish — (i) a 
cuticular or corneal facet j (2) a glassy lens-like portion ; (3) 
a retinal portion in association with which are fibres from 
the optic nerve ; and there are also pigmented cells between 
the elements. 

In addition to the compound eyes, simple eyes or ocelli 
are present m the adults of many insects, eg, ants, bees, 
and wasps , they occur without the accompaniment of com- 
pound eyes in Collembola, lice, and fleas, and they are 
usually the only eyes possessed by larvae. They have only 
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one lens (monomeniscous), whereas the compound forms 
have many lenses (polymeniscous). In the simple eye each 
retinal unit is a single cell, of which the distal part is unpig- 
mented. In the compound eye the retinal unit consists 
of six cells around an axis. The structure of ocelli varies 
greatly, and their use is very uncertain. 

Auditory (oi chordotonal) oigans have been found in all ordeis of 
Insects (except as yet the Thysanoptera), and occur both in the larva; 
and m the adults Then essential stiucture is as follows — A nerve ends 
m a centie oi ganglion near the skin ; some of the cells of this ganglion 
grow out into long sensitive rods enclosed in a tiny sheath , the rods aie 
dnectly or indirectly connected with the epidermis above them “ They 
are found in gioups of 2-200 in various paits of the body, antennce, 
palps, legs, wings, in the halieres of Diptera, and upon the doisal aspect 
of the abdomen ' Quite different from these, and occurring in flies alone, 
on the hind end of the laiva, or at the base of the adult’s feelers, are 
little bags with fluid m which clear globules float. 

In addition to the “eyes” and “eais,” there are innervated hairs 
(tactile, tasting, olfactory) on the antenna; and mouth-parts of many 
insects Not a few insects seem to possess a diffuse or deimatoptic 
sense, by which, foi instance, they can, when blinded, find then way 
out of a dark box 

Many Insects produce sounds. We hear the whiir of rapidly moving 
wings in flies , the buzz of leaf-like structures near the openings of the 
an -tubes m many Hynienoptera , the sciaping of legs against wing iibs 
in grasshoppeis , the chiiping of male ciickets, which rub one wing 
against its neighbour , the piping of male Cicadas, which have a 
complex musical instrument , the voice of the death’s-head moth, 
which expels air foicibly from its mouth. The death-watch taps with 
its head on wooden objects, as if knocking at the dooi behind which 
his mate may be hidden. In some cases the sounds are simply auto- 
matic leflexes of activity; in many cases they serve as alluring love 
calls ; and they may also serve as expressions of fear and anger, or as 
warning alarms 

In the case of hi\ e-bees there is definite evidence of a sense of diiec- 
tion They return straight to the hive from a distance of over a mile, 
even when they have been blinded and robbed of antenna^, even when 
they have been carried afield in a box. 

Alimentary system. — The diet of Insects is very varied. 
Some, such as locusts, are vegetarian, and destroy our 
crops ; others are carnivorous (we need not specify the 
homoeopathist’s leech), and suck the blood of living victims, 
or devour the dead , the bees flit in search of nectar from 
flower to flower, while the ant-lion lurks in his pit of sand 
for any unwary stumbler; the termites gnaw decaying 
wood, some ants keep aphides as cow'-s (“vaccae formi- 
carum,” Lmnseus called them), whose sweet juices they 
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lick ; and a great number of larvje devour the flesh and 
vegetables in which they are hatched. 

Many modifications of mouth organs, and of the ali- 
mentary canal, are associated with the way m which the 
insect feeds. 

The alimentary canal consists of fore-gut, mid-gut, and 
hind-gut, but in many cases it seems very doubtful if the 
mid-gut has its typically endodermic character. 

The fore-gut conducts food^ and includes mouth cavity, 
pharynx, and cesophagus, the latter being often swollen into 
a storing crop, or continued into a muscular gizzard with 
grinding plates of chitin. 

The mid-gut is digestive and absorptive, often bearing a 
number of glandular outgrowths or caeca, and varies in 
length (in beetles at least) in inverse proportion to the 
nutritive and digestible quality of the food. 

The hind-gut is said to be partly absorptive, but is chiefly 
a conducting intestine, often coiled and terminally expanded 
into a rectum with which glands are frequently associated. 

In association with the alimentaiy canal are various glands — 

[a] The salivary glands, which open in or neai the mouth They 

are usually paiied on each side, and provided with a 
reser\oir They aiise as invaginations of the ectoderm 
neai the mouth Their secretion is mainly diastatic in 
function, z.e it changes staichy mateiial into sugar by 
means of a feiment Along with these may be ranked 
the “spinning glands” of caterpillais, etc, which also 
open at the mouth They seciete material which haidens 
into the thieads used for the cocoon. 

[b) From the beginning of the mid-gut blind outgrowths sometimes 

arise (in some Orthopteia, etc ), which are apparently 
digestive. They are sometimes called pyloiic Cc^ca. In 
other cases (some beetles) there may be more numerous and 
smaller glandular outgrowths resembling villi in appearance. 

Respiratory system.— -The body of an insect is traversed 
by a system of air-tubes (tracheae), which open laterally by 
special apertures (stigmata), and by means of numerous 
branches conduct the air to all the recesses of the tissues. 
In animals which breathe by gills or lungs the blood is 
carried to the air, m insects the air permeates the whole 
bod}^ But how does the air pass m and out ? In part, no 
doubt, there is a slow diffusion , in part the movements of 
the wings and legs will help, but there are also speciM 
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expiratory muscles We see their action when we watch a 
drone-fly panting on a flowei. Inspiration is passive, as in 
birds, and depends on the elasticity of the skin and of the 
tracheal walls , expiration is active, and depends upon these 
muscles. They are chiefly situated in the abdomen, but in 
some beetles (at least) they are also present m the metathorax. 

The tracheae seem to aiise as tubular ingrowths of skin, 
and, primitively, each segment probably contained a distinct 
pair ; but their number has been leduced, and they aie often 
in part connected into a system. With the doubtful excep- 
tion of one of the primitive Collembola, and the certain 
exception of caterpillars, no insects have any tracheal 
openings in the head region. There are raiely more than 
two pairs in the thorax , theie are often six to eight pairs m 
the abdomen , the maximum total is ten pairs Each trachea 
IS kept tense throughout the greater part of its course by 
internal chitmous thickenings, which apparently have a 
spiral course. The branches of the tracheae penetrate 
into all the organs of the body, carrying oxygen to every 
part The very efficient respiration of insects must be kept 
in mind in an appreciation of the general activity of their life. 

As the conditions of larval life aie often different fiom those of the 
adult insects, the mode of respiration may also differ in details 

In insects without marked metamoiphosis, and even in some beetles 
111 which the metamorphosis is complete, the young insect and the adult 
both breathe by tracheai with open stigmata Both are said to be 
‘ ' holopneustic.” 

When the larv.e live in water, the tiacheal system is closed, other- 
wise the cieatuies would diown. This closed condition is teimed 
“ apneustic.” These laivm (of diagon-flies, may-flies, and some others) 
breathe by “tracheal gills” (see Fig 183)— little wing-like outgiowths 
from the sides of the abdomen, iich in tiacheae~oi by tracheal folds 
within the rectum, in and out of which watei flows In either case, 
an interchange of gases between the tiachecC and the water takes place 
In adult aerial life the tiachecn of the body acquiie stigmata, and the 
insect becomes ‘'^holopneustic ” 

In most insects with complete metamoiphosis, the laiva [eg calei- 
pillar or grub) has closed stigmata on the last two segments of the 
thorax (those which wall bear wings), but theie is a pan of open 
stigmata on the prothoiax In the adult the leveise is the case 

There aie some othei modifications — foi instance, wkat obtains in the 
paiasitic larvre of some flies, e^g. gadflies In these the stigmata aie 
open only at the end of the body In all cases, however, the stigmata 
of the adult are already piesent as rudiments in the larva, though they 
may not open till adolescence is over. 
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Circulatory system. — As the respiratory system is very 
efficient, air passing into the inmost recesses of the body, 
It is natuial that the blood-vascular system should not be 
highly developed. Within a dorsal part of the body cavity, 
known as the pericardium, the heart lies, swayed by special 
muscles It is a long tube, usually confined to the abdomen, 
and with eight chambers, with paired valvular openings on 
its sides, through which blood enters from the pericardium. 
The blood is driven forwards, the posterior end of the heart 
being closed, and there is usually an anterior aorta or mam 
blood vessel But, for the most part, the blood circulates 
in spaces within what is commonly called the body cavity. 
Such a circulation is often described as lacunar. The blood 
may be colourless, yellow, red, or even greenish, and, in 
some cases, haemoglobin, the characteristic blood pigment of 
Vertebrates, has been detected. The cells of the blood are 
amoeboid. 

Body cavity. — It is necessary to distinguish the primitive coelom 
fiom the apparent body cavity of the adult In discussing the develop- 
ment of Fenpatiis, Sedgwick notes the following characteristics of a 
tiue coelom * — It is a cavity which — (i) does not communicate with the 
vascular system, (2) does communicate by nephridial pores with the 
exterioi , (3) has the lepioductive elements developed on its lining; 
(4) develops either as one or more diveiticula from the primitive 
enleron (or gut), 01 as a space or spaces in the imsegmented or 
segmented mesodeim Now, in Arthropods the apparent body cavity 
of the adult is not a tiiie coelom it consists of a set of secondarily 
deiived vasculai spaces ; it has been called a pseudocoel or a haemocoel. 
The true coelom of Arthiopods is very much restricted in the adult 

The appaient body cavity m which the organs lie, and in which 
the blood circulates, is well developed in Insects It includes, inter 
aha^ a peculiar fatty tissue, which seems to be a store of reserve 
mateiial, which is especially large m young insects before metamorphosis, 
and IS also inteiesting as one of the seats of “ phosphorescence ” 

Excretory system. — Although no structures certainly 
homologous wuth nephndia have yet been demonstrated in 
Insects, the excretory system is well developed. From the 
hind-gut (proctodseum), and therefore of ectodermic origin, 
arise fine tubes, or in some cases solid threads, which extend 
into the apparent body cavity. Their number varies from 
two (in some Lepidoptera, for instance) to one hundred and 
fifty (m the bee) They twine about the organs in the 
abdominal cavity, and their excretory significance is inferred 
from the fact that they contain uric acid. 
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Eeproductive system. — Among Insects the sexes are 
always separate and often different in appearance The 
males are more active, smaller, and more brightly coloured 
than the females. Darwin referred the greater decoiative- 
ness of the males to the sexual selection exercised by the 
females. The handsomer variations succeeded in courtship 
better than their rivals Wallace referred the greater plain- 
ness of females to the elimination of the disadvantageously 
conspicuous in the course of natural selection. I'here may 
be truth m both views, but both require to be supplemented 
by the consideration, in part accepted by Wallace, that the 
“secondary sexual characters” of both sexes are the natural 
and necessary expressions of their respectively dominant 
constitutions. 

The organs consist of* — 


Male. 

Female 

The paired testes, usually formed 
of many small tubes. 

Two ducts (vasa deferentia) con- 
ducting spermatozoa (perhaps 
in part comparable to neph- 
ridia). 

An unpaired terminal and ejacula- 
toiy duct, paired and with two 
apeitures in Ephemendsonly ; 
sometimes formed by a union of 
the vasa deferentia, sometimes 

1 by an external invagination 

meeting the vasa deferentia 
Fiom the vasa deferentia or from 
the ejaculatory duct, opens a 
paired or unpaired seminal 
vesicle for spermatozoa 

Various accessory glands, whose 
secretion sometimes unites the 
spermatozoa into packets or 
speimatophores 

Sometimes a copulatoiy penis 

Often external haid pieces. 

The paired ovaries, usually formed 

0 f manysmall tubes( o vai loles ) 

Two ducts (oviducts) conducting 
the ova (peihaps m pait com- 
paiable to nephndia). 

An unpaired terminal legion oi 
vagina, paired and with two 
apertures in Ephemeiids ; 
usually formed fiom an ex- 
ternal in\ agination meeting 
the united ends of the oviducts 

Near or from the vagina, opens 
a receptaculuni seminis foi 
storing speiinatozoa received 
fiomamalediiringcopulation 

Variousaccessoiyglands,^’ ^ those 
which secrete the mateiul slu- 
rounding the eggs. 

Sometimes a special buisacopula- 
tiix 111 the vagina. 

Often extei nal hard pieces, e g , 
ovipositoi. 
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Some peculiarities in reproduction.— Many Insects, such as 
aphides, silk-moth, and queen-bee, are exceedingly prolific. The 
queen termite lays thousands of eggs, “at the rate of about sixty per 
minute ” ’ 

The stole of spermatozoa receded by the female, and kept within 
the leceptaculum seminis, often lasts foi a long time, — for two or three 
yeais in some queen- bees. 

Parthenogenesis, or the development of ova which are unfertilised, 
occurs normally, for a vaiiable number of generations, in two Lepidop- 
teia and one beetle, in some coccus insects and aphides, and in certain 
saw-fiies and gall-w'asps. It occurs casually in the silk-moth and several 
othei Lepidoptera, seasonally in aphides, in larval life in some flies 
{Mzastor, C/nronomzes), and partially or “voluntarily ” when the queen- 
bee lays eggs which become drones. 

A few insects hatch their young within the body, or are “viviparous ’ 
This is the case with parthenogenetic summer aphides, a few flies, the 
little bee parasites Strepsiptera, a few^ beetles and cockroaches. 

Development of tlie ovum. — The tubes which compose 
the ovaries and lead into the oviducts begin as thin fila- 
ments, the ends of which are usually connected on each 
side. These thin filaments consist of indifferent germinal 
cells, all of them potential ova, and of mesodermic epithelial 
cells, which form the ovarian tubes, etc , and are connected 
anteriorly to the pericardial wall. 

But in most cases only a minority of these cells be- 
come ova, the others become nutritive cells which are 
absorbed by the ova, and follicle cells which line the 
walls of the ovarian tubes and help to furnish the egg- 
shells. 

There may be, indeed, ovarian tubes without nutritive 
cells (eg. in Orthoptera), and then each tube is simply a 
bead-like row of ova, which become larger and larger 
as they recede from the thin terminal filaments and ap- 
proach the oviducts. In other cases the bead-like row 
consists of ova alternating with clumps of nutritive cells 
(eg. in Hymenoptera and Lepidoptera). In other cases 
the nutritive cells mostly remain in the terminal region, 
but their pioducts pass down to the receding ova 

As there are numerous ovarian tubes in each ovary, 
and as the same process of oogenesis is going on in each, 
numerous eggs are ready for liberation at the same time, 
and are simultaneously discharged into the oviduct of each 
side. 

The eggs are large and contain much yolk. In relatively 
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few cases yolk is almost absent, as, for example, m the 
summer eggs of the Aphides, which are hatched withm the 
body, and in some forms where the young are endoparasitic. 
The ovum is surrounded by a vitelline membrane, and also 
by a firm chitmous shell, secreted by the follicular cells, 
which IS often sculptured in a characteristic manner This 
shell is pierced by one or more minute holes (micropyles) 
Through a micropyle the spermatozoon finds entrance, 



Fig. 184. — Diagrams of Insect embiyo. — After Korschelt and Heidei 

A transverse section before the union of the amnion folds, and a 
longitudinal median section after the union of the folds a , 
Anterior end of blastoderm ; p postenoi end of blastoderm , 
cLf ^ in the left-hand figure, the beginning of the amnion fold , 
am , amnion , a c , ammotic cavity , ^ , serosa , ec , ectoderm , 
ll , lower germinal layer , y , yolk The amniotic cavity marks 
the future ventral region of the embryo, so that the yolk mass 
IS dorsal. 



sometimes (as in the cockroach) after moving round and 
round the shell in varying orbits. 

The ripe egg usually consists of a central yolk-containing mass, siu- 
rounded by a thin sheath of piotoplasm. As is usual in Arthiopods, 
the segmentation is penpheial or centrolecithal. The central nucleus 
divides up into several nuclei, which, being united by protoplasmic 
cords, form for a time a central syncytium Later, these nuclei emigiate 
into the peijpheral protoplasm, which segments aiotind them , thus a 
penpheial layei of similar epithelial cells is formed. Some of the nuclei 
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may be left behind in the central yolk to form the yolk nuclei, or, what 
IS probably the more primitive condition, these aie foimed by subse- 
quent immigration from the blastoderm. 

The next piocess is the appearance of differentiation among the similar 
cells of the blastodeim Over a special aiea — ^the \entral plate — (cf 
Asiaais) the cells increase m number and become cylindrical in shape , 
over the rest of the egg the cells flatten out and become much thinner 
In the middle of the vential plate a slight groove is formed by rapid 
multiplication of the cylindrical cells This represents the disguised 
gastrulation, the open roof of the groove being the much -elongated 
blastopore. The surrounding cylindrical cells unite over this open roof, 
the groove usually flattens out, and thus we ha\e formed a two-layered 
germinal streak which spreads forwards and backw ards over the egg, 
and early exhibits externally transverse division into segments The 
upper layer is the ectoderm , the lower includes the rudiments of both 
mesoderm and endoderm 

Meanwhile another very impoitant event has taken place We saw 
that while the cells of the ventral plate increased in depth, the remain- 
ing cells flattened out laterally; at the point where the two kinds of 
cells unite, on either side of the vential plate, a double fold arises The 
two folds unite over the surface of the ventral plate, forming a mem- 
branous arch over it The internal fold is called “ amniotic,” the 
outer ‘‘serous,” from their resemblance to the similar envelopes in the 
embryos of highei vertebrates The folds take no dmect part in the 
development of the embryo. 

We must now return to the germinal stieak. The gastrula groove 
may persist as a tube after closure of the blastopoie, but it is usually 
compressed by the ectoderm, or never exists as a distinct cavity The 
gi eater part of the lower stratum of the germinal streak consists of 
mesoderm. This becomes divided into successne segments at each 
side, each containing a piimitive coelomic cavity, perhaps continuous 
with the gastrula cavity. The endoderm aiises as paired clusters of 
cells, found only at the anterior and posterioi ends of the piimitive 
streak. These clusteis increase rapidly and form long endodeimal 
streaks, which curve downwards so as to enclose the yolk. The streaks 
meet and fuse, first ventially and later doisally, thus constituting the 
mid-gut. The yolk nuclei previously mentioned have meanwhile 
increased rapidly, forming yolk cells which absorb the yolk. These 
cells are included in the endodermic mid-gut, and there break up As 
the endoderm grows round the yolk, it is accompanied by a layer 
(splanchnic) of the mesoblast. Fore- and hind- gut are formed by 
invaginations which fuse with the mid-gut 

In the later stages of development the primitne coelomic pouches 
lose then cross partitions, become filled with mesenchyme cells, and 
practically obliterated. The body cavity of the adult is formed by the 
appearance of lacunte amid the cells of the mesenchyme. 

The trachea; arise as segmentally repeated invaginations of the ecto- 
derm The openings of the invaginations form the stigmata From 
the hind-gut arise the Malpighian tubules, which are therefore ecto- 
dermic. The development of the other organs is similar to that of 
the Crustacea. 
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In summarising the development of Insecta, one must 
specially note the peripheral segmentation, the formation of 
the two-layered germinal streak, the presence of an over- 
arching blastodermic fold, the segmentation of the meso- 
derm, and the formation of the mid-gut by the union of 
endodermic bands. 

Metamorphosis of Insects. — (i) In the lowest Insects, 
namely, in the old-fashioned wingless Thysanura and 
Collembola, the hatched young are miniatures of the adults. 
By gradual growth, and after several moultings, they attain 
adult size. 

Similarly, the newly hatched earwigs, young of cock- 
roaches and locusts, of lice, aphides, termites, and bugs, are 
very like the parents, except that they are sexually immature, 
and that there are no wings, which indeed are absent from 
some of the adults. 

These insects are called ametabolic^ i.e they have no 
marked change or metamorphosis. 

(2) In cicadas there are slight but most instructive 
differences between larvae and adults. The adults live 
among herbage, the young on the ground, and the diversity 
of habit has associated differences of structure, as in 
the burrowing fore-legs of the larva. Moreover, the larva 
acquires the characters of an adult after a quiescent period 
of pupation. 

The differences between larva and adult are more striking 
in may-fiies, dragon-flies, and the related Plecoptera {eg 
Ferla\ for in these the larvae are aquatic, with closed 
respiratory apertures, and with tracheal gills or folds, while 
the adults are winged and aerial, and breathe by open 
tracheae. 

These insects are called he7?ii77tetaholtc^ t e, they have a 
partial or incomplete metamorphosis 

(3) Very different is the life history of all other sets of 
Insects — ant-lions, caddis-flies, flies, fleas, butterflies and 
moths, beetles, ants, and bees. From the egg there is 
hatched a laiva (maggot, grub, or caterpillar), which lives a 
life very different from the adult, and is altogether unlike 
it m form. The larva feeds voraciously, grows, rests, and 
moults Having accumulated a rich store of reserve 
material in its “fatty body,” it finally becomes for some 



Fig. 1 85. — Life histones of lasects. 

^ ’ mar^^nahs\ ’ respectively of water-beetle {Dytis. 

vomtto7ia), l\p'^,a\ larva, pupa, and adult oi Cossus ligmperdL ^ 
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time quiescent, as a pupa, nymph, or chrysalis, often withir 
the shelter of a cocoon. During this period there are great 
transformations , wings bud out, appendages of the adult 
pattern are formed, leconstruction of other organs is 
effected Finally, out of the pupal husk emerges a 
miniature winged insect of the adult or imago type. 

These insects are called ]iolo 77 ietaholic^ t.e. they exhibit a 
complete metamorphosis 

Two kinds of larvas occur among insects, {a) In many 
ametabolic and hemimetabolic forms the larva is somewhat 
like one of the lowly Thysanuran insects ( Ca 77 ipodea), and is 




Fig. i86. — Life history of the silk-moth {Bofiihyx inon) 

A, caterpillar , B, pupa , C, imago , the cocoon is cut open to 
show the pupa lying within In the catei pillar note the three 
pairs of true legs in the anterior region, and the four pairs 
of pro-legs in th6 posterior region 


therefore called campodeiform. It has the regions of the 
body w^ell defined, three pairs of locomotor thoracic limbs, 
and mouth-parts adapted for suction. (^) The other type 
is worm-like or eruciform, e£-. the caterpillars of Lepidoptera 
(Fig 1 86, A), with distinct head and limbs, the more modified 
grubs of bees, etc., with distinct head, but without limbs ; 
and the degenerate maggots of flies (Fig 187, A), etc., not 
only limbless, but with an ill-defined head. A typical cater- 
pillar has a cylindrical body often “hairy,” a distinct hard 
head, simple eyes, small antennse, mouth-parts suited for 
biting, three pairs of jointed clawed thoracic limbs (corre- 
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spondmg to those of the butterfly), and four or five pairs of 
unjomted clasping abdominal pro-legs.” Other abdominal 
appendages are known on the larvae of other insects, and 
even m the embryos of some whose larvae are campodei- 
form. These facts make it likely that the primitive form 
had many legs. 

The larvze of Insects vary enoimoiisly in habit and in stiucture, and 
exhibit numerous adaptations to conditions of life veiy^ different from 
those of the parent. Thus caterpillars, which are usually plump and 




Fig. 187 — Development of blow-fly {Calhpkora erytkrocephala), 
— After Thompson Lowne 

The lower figure (A) shows the adult larva (maggot) Note, as 
compared with the caterpillar, the absence of appendages, 
except those about the mouth , k , the large hooks connected 
with the maxillae ; II , pro-legs 

The upper figure (B) shows the pron3miph removed from the pupa- 
case In the abdominal region the imaginal discs are shown , 

I , rudiments of legs , a; , of wings 


tense, so that a peck from a bird’s bill may cause them to bleed to death, 
even if no immediate destruction befall them, are protectively adapted 
m many different ways Their colours are often changed in harmony 
with those of their surroundings ; some palatable forms are saved by 
their superficial resemblance to those which are nauseous ; a few strike 
“ terrifying attitudes ” ; while others are like pieces of plants. 

Internal metamorpliosis. — In Insects with no marked 
metamorphosis, or with merely an incomplete one, the 
organs of the larvae develop gradually into those of the 
adult. But in Insects with complete metamorphosis there 
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IS a marvellous internal reconstruction during the later 
larval, and especially during the quiescent pupal stage. 
The more specialised larval organs aie disrupted, their 
debris being used in building new structures In some 
cases, such as flies, phagocytes play a very important part 
in this metamorphosis ; in other cases there is no true 
phagocytosis. Parts of larval organs which have not been 
highly specialised form the foundations of new adult 
structures. Of 'special importance are certain ingrowths 
of the larval skin (the epi- or hypo- dermis) which form 
what are called “imaginal discs,” i,e embryonic or 
germinal areas, from which arise the wings, legs, etc., of 
the adult insect. The reconstruction is very thorough; 
most of the musculature, much of the tracheal system, part 
of the mid-gut, etc., are gradually" leplaced by the corre- 
sponding organs of the adult. There is first a disruptive 
process of histolysis, and then a reconstructive process of 
histogenesis. Yet in most cases the disruption and 
replacement of organs is very gradual. 

(Ecology. — The average insect is active, but between 
orders [e,g. ants, bees, and wasps versus aphides, coccus 
insects, and bugs), between nearly related families, between 
the sexes {e.g. male and female cochineal insect), between 
caterpillar and pupa, we read the constantly recurrent 
antithesis between activity and passivity. 

The average length of life is short. Queen-bees of five 
years, queen-ants aged thirteen, are rare exceptions. In 
many cases death follows as the rapid nemesis of repro- 
duction. But though the adult life is often very short, 
the total life may be of considerable length, as in some 
Ephemerids, which in their adult life of winged love-making 
may be literally the flies of a day, while their aquatic larval 
stages may have lived for two years or more. 

The relation between the annual appearance of certain 
insects and that of the plants which they visit, the habits 
of hibernation in the adult or larval state, the occasional 
“dimorphism” between winter and summer broods of 
butterflies, should be noticed 

The prolific multiplication of many insects may lead to 
local and periodic increase in their numbers, but great 
increase is limited by the food-supply and the weather, by 
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the warfare between insects of different kinds, by the 
numerous insects parasitic on others, by the appetite of 
higher animals, — fishes, frogs, ant-eaters, insectivores, and, 
above all, birds. 

There is a great variety of protective adaptation The 
young of caddis-fiies are partially masked by their external 
cases of pebbles and fragments of stem ] many caterpillars 
and adult insects harmonise with the colour of their environ- 
ment, leaf-insects, '‘walking sticks,” moss-insects, scale- 
insects, have a precise resemblance to external objects 
which must often save them, a humming-bird moth may 
resemble a humming-bird; many palatable insects and 
larvse have a mimetic resemblance to others which are 
nauseous or otherwise little likely to be meddled with. 
Many insects may be saved by their hard chitinous armour, 
by their disgusting odour or taste, by their deterrent 
discharges of repulsive formic acid, etc., by simulation of 
death, by active resistance with effective weapons. 

Many flowers depend for cross-fertilisation upon insects, 
which carry the pollen from one to another Many insects 
depend for food on the nectar and pollen of flowers. Thus 
many flowers and insects are mutually dependent. But 
many insects injure plants, and many plants exhibit 
structures which tend to save them from attack. On the 
other hand, there may be "partnerships” between insects 
and plants — as in the " myrmecophilous ” (ant -loving) 
plants, which shelter a bodyguard of ants, by whom they 
are saved from unwelcome visitors. And again, the 
formation of galls by some insects which lay their eggs 
in plants, and the msect-catching proclivities of some 
carnivorous plants, should be remembered. 

Most insects are terrestrial and aerial ; the majority live 
in warm and temperate countries, but they are represented 
almost everywhere, even above the snow-line, in arctic 
regions, m caves. Even on the sea the Challenger 
explorers found the pelagic Halobates.^ a genus of bugs. 
The distribution of insects is mainly limited by food- 
supplies and climate, for their powers of flight are often 
great, and their opportunities of passive dispersal by the 
wind, floating logs, etc., are by no means slight. 

Many insects are more or less parasitic, either externally 



3S8 


PHYLUM ARTHROPOD A 


as adults, e,g. fleas, lice, bird-lice, plant-lice, etc., or in- 
ternally as larvae, the maggots of bot-flies in sheep, 

and a great number of borers within plants. 

We need only mention Hessian-fly, phylloxera, Colorado 
beetle, weevils, locusts, to suggest many more which are of 
much economic importance as injurious insects. On the 
other hand, our indebtedness to hive-bee and silk-moth, to 
cochineal and lac insects, to those which destroy injurious 
insects, and to those which carry pollen from flower to 
flower, is obvious 

Finally, we must at least mention that in ants, bees. 



\ 

Fig. 1 88 —Mosquito. 


wasps, and termites we find illustration of various grades of 
social life, and marvellous exhibitions of instinctive skill as 
well as some intelligence. 

Insects and Disease 

As carriers of disease-germs insects play a very im- 
portant part. The role of flies as mechanical distributors 
of anthrax, plague, and other bacterial diseases has been 
clearly proved. Besides carrying bacilli upon their bodies 
and leaving them on wounds or food, they also swallow 
germs, and subsequently deposit them in their excreta in 
similar situations Undoubtedly, however, the most serious 
cases are those of the blood-sucking Diptera which act as 
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hosts as well as earners of disease-producing parasites. 
The gnats or mosquitoes (Culicid^) are perhaps the most 
important in this respect. Human malaria is conveyed by 
at least twelve different species of mosquito, of which those 
belonging to the genus Anopheles have the widest dis- 
tribution Anopheles maciilipen7iis occurs all over Europe, 
in many parts of Africa, North Ameiica, and India, 
and in all these countries it carries malaria (see Fig 182). 
Proteosoma, the malaria parasite of birds, is carried by a 
Culex^ a related genus. The unknown parasite of yellow 
fever is transmitted by the bite of another mosquito, 
Stegofuyia fasciata. It occurs in all parts of the world 
between the parallels 40'' N. and S. “ It is a most vicious 
biter both by day and night, and breeds in small artificial 
collections of water, such as barrels, puddles, cisterns, and 
even m such small receptacles as sardine tins (Theobald). 
Culex fatigmis and C. pipteyis act as carriers of Filaria 
ba^icrofti or F. sangumis honmiis Jioctiirna^ the parasite of 
the human disease filariasis. The African Tsetse flies, 
Glossma palpalis (Fig. 53) and G 7norsita?is, convey the 
parasites (Trypanosomes) of sleeping sickness and 
Nagana respectively. The latter disease, which is com- 
municable to horses, cattle, goats, sheep, and other 
domesticated animals, is probably also 
conveyed by other species of Tsetse 
flies. In general, one may say that 
wild animals, which appear to be un- 
affected by the parasites which they 
contain, are the source of the fatal 
infection of new-comers 


Pedigree 

Insects must have appeared relatively 
early, for remains of a cockroach-like 
form have been found even in Silurian 
strata. The higher forms with complete Fig. iSg.^Anmzda 
metamorphosis appear much later {eg. *4" 

beetles in the Carboniferous ages) j but it primitive vvingless 
seems that the Palaeozoic insects were Collembola 




PTERYGOTAj Winged Insects Older i6 l^y7ncjjoptera Ants, bees, wasps, gall-flies, saw-flies, etc. 
(excepting some degeneiate foinis). jMenogn. oi Tvletagn., oi a soiL of compromise between these 

states Usually with foui tianspaicnt wings Laivm aie foot- 
less grubs, except in some wasps 
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mostly generalised types, prophetic of rather than referable 
to the modern orders 

As to the pedigree of insects, the wingless Collembola 
and Thysa^m ra are doubtless primitiveT" In ProtoMe7'o?i, 
for instance, there are appendages on the first four seg- 
ments of the abdomen, and the genital apertures are paired. 
Similarly, Acerentomon is a little blind creature, without 
antennae, without cerci, with suctorial mouth-parts, with 
eleven abdominal segments, with a peculiar anal segment. 



Fig. 190 — Accre?ztonion, a very primitive insect 

// j Head, A , antennjae, TH"^, TH^, terga of thoracic segments, 

/, the thoracic legs, A A, A 2, A A abdominal appendages, 
PAG, genital aperture , AP P , post-anal appendix 

With an unpaired genital aperture on the eleventh urosternite. 
These and similar primitive forms lead us back to some of 
the less specialised Myriopods {eg ScoloJ>e?idreIla), back 
further to the level represented by Peripatus^ which helps 
to link the Tracheate to the Annelid senes. 

But though the primitive wingless insects, the simple 
types of Myriopods, and Peripatus, represent ascending 
steps in evolution, what the actual path has been we do 
not know. 
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Classes Arachnoidea (Spiders, Scorpions, Mites, etc.) 

and Pal/eostraca (King-crabs, Eurypterids, Trilobites) 

The class Arachnoidea is far from being a coherent unity. 
Its subdivisions are numerous and diverse, and a statement 
of general characters is consequently difficult. 

The a7iterior segtfie^its^ about seve?i in finmber^ are usually 
fused into a cephalothorax^ with six pairs of appendages. 
The most anterior of these appendages may he turned m front 
of the mouthy but there are no pre-oral antenncB as in Insects, 
The first two pairs of appendages {chelicerce a?id pedipalps) 
generally have to do zoif/i seizing azid holding the food , the 
others are walking legs. But although six pairs occur in 
most, there may be more or less. The abdomen is generally, 
but not always, without appendages ; it may be segme?ited or 
unsegmented , it is generally distinct from, but may be fused 
to the cephalothorax, A plate-like internal skeleton, called 
the endosternite, is often present. The elaborate compound 
eyes of Insects are not represented, the eyes being almost always 
simple. Respiration may be by tubular trachece, or by lung- 
books {chambered trachex ?), or by both, or cutaneous, and 
many would include the branchiate Palceostraca along zmth 
Arachnoidea, In the tracheate forms there are never more 
than four pairs of stigmata. Within all or some of the legs 
he coxal glands, perhaps comparable to nephridia. An 
elongated dorsal heart usually lies in the abdomen. The 
position of the genital aperture or apertures is usually on one 
of the anterior abdominal segments. All have separate sexes. 
In most cases the newly hatched young are essentially like the 
adults— that is to say, there is no metamorphosis. 
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Order i. ScoRPiONiDi® 


Scorpions are elongated Arachnoids^ restricted to warm 
countries, lurking under stones or in holes during the day, 
but active at night. The Scorpio afer of the East Indies 
attains a length of 6 inches, but most are much smaller. 
They feed on insects, spiders, and other small animals. 
The ‘‘tail,” with the venomous sting at its tip, is usually 



Fig. 1 9 1. — Scorpion. 


curved over the anterior part 
of the body, and can reach 
forward to kill the prey caught 
by the anterior appendages, or 
can be suddenly straightened 
to strike backwards. When 
man is stung, the poison seems 
to act chiefly on the red blood 
corpuscles, and, though never 
or very rarely fatal, may cause 
much pain. It has been said 
that scorpions commit suicide 
when surrounded by fire or 
otherwise fatally threatened, 
but it has been answered that 
they do not sting themselves, 
that they could not if they 
would, and that, even if they 
could, the poison would have 
no effect ’ 


ch., Chehcerse; pedipalps , o, bodv is divided into 

genital operculum; pectmes , . UUUy lb UlVlueu miO 

s, stigma of a lung-book on the (ij a cephalothorax Or “ pro- 
soma” of six segments, whose 
terga fuse into a carapace, 
and (2) an abdomen, which includes a broad seven- 


segmented “mesosoma,” and a narrow five - segmented 
“ metasoma.” At the end of the latter there is a post-anal 
curved spine or “telson,” containing a paired, compressible 
poison gland opening at the sharp tip. There is a strong 
cuticle of chitin, and also an interesting internal piece of 
skeleton (the endostermte), partly chitinoid, but also 
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resembling fibro-cartilage, which lies in the cephalothorax 
above the nerve-cord, and serves for the insertion of 
muscles. 

The appendages are — 

I Small, three-jointed, chelate cheliceras or falces just above the 
mouth, used in holding prey 

2. Laige, six-jointed, chelate pedipalps These seize the prey ; 
their basal joints help in mastication, and in some cases they produce 
rasping sounds. 

3-6. Four pairs of seven-j'ointed, non-chelate walking legs. The 
basal joints of the first two pairs help in connection with the mouth 

Apparently equivalent to a first pair of abdominal appendages is a 
small notched plate or operculum which coveis or bears the genital 
aperture or apertures 

Apparently of the nature of appendages are the comb-like, probably 
tactile, pectines on the second abdominal segment. 

Six other pans of abdominal appendages are present in the embryo, 
but they abort 

The nervous system consists of a dorsal brain, a ring round the 
gullet, and a ventral nerve-cord. The eyes aie innervated from the 
brain, the first six appendages from the collar and the sub-cesophageal 
ganglion. Behind the latter there are seven ventral ganglia m the 
eleventh to seventeenth segments inclusive Theie are in scorpions 
two to SIX pairs of eyes placed on the carapace The lateral eyes are 
simpler than the median pan, and the type is in some ways mter- 
mediate between the simple eye and the compound eye There is, as 
in ocelli, a single crystalline-lens-like portion, below which there are 
a few groups of retinal cells. Each group has five cells, and the outer 
part of each cell is pigmented. There is no crystalline cone. 

Scorpions seize small animals with their pedipalps, hold them close 
to the small mouth by their chehceree, sting them if need be, and suck 
their blood and juices. The pharjmx serves as a suction pump; a 
narrow gullet leads to a slight enlargement, into which a pair of 
salivary glands open ; fiom the narrow mid -gut several large digestive 
outgrowths arise , the hind-gut ends m a ventral anus beneath the 
base of the sting. The narrowness of the gut may be associated with 
the fluid nature of the food The so-called Malpighian tubes of Buthus 
ettropmis are really the ducts of the liver. 

The cavity of the body is for the most part filled up with organs, 
muscles, and connective tissue A pair of coxal glands, perhaps 
excretory and nephridial, but apparently closed in the adult, lie near 
the base of the third pair of walking legs. It is stated that in the 
embryo they open into the body cavity by inteinal funnels. 

The blood contains amoeboid corpuscles and the respiratory pigment 
hEemocyamn An eight-chambered heart, within a pericardium, lies 
along the back of the mesosoma It gives off lateral artenes from the 
posterior end of each of its chambers, is continued backwards in a 
posterior aorta, and forwards in an anterior aorta. The latter supplies 
the head and divides into two branches, encircling the gullet and 
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reuniting in a vential aitery above the neive-cord. Fiom capillaries 
the blood is gathered into a vential venous sinus, is purified in the 
lung'books, and thence returns by veins to the pericaidium, finding 
Its way by valved lateral openings (ostia) into the anterior end of each 
heart-chamber 

On the ninth to twelfth segments lie slit-like stigmata, the openings 
of foui pairs of lung-books Each lung-book is like a little purse with 
numerous (over a hundred) compartments Air fills the much-divided 
cavity, and blood circulates in the lamelke or partitions. 

The testes consist of two pans of longitudinal tubes, united by cross 
bridges; the vas deferens, with a terminal copulatory modification, 
opens under the operculum on the first abdominal segment The 
ovary consists of three longitudinal tubes, united by cross ducts, and 
two oviducts open on the under surface of the operculum 

Fertilisation is internal, the ova begin their development m the 
ovary, and complete it m the oviduct The segmentation is discoidal, 
the ova are hatched within the mother. The young, thus born vivi- 
parously,” are like miniatures of the adults, and adheie for some time 
after birth to the body of the mother. 

In Eitscorpto ztahms there is abundant yolk in the ovum ; in Scorpio 
there is little ; but the embryo of the latter seems to eat the terminal 
part of the ovarian tube in which it develops. In the embryo of 
Opisihophthalmiis there are peculiar horn-like outgrowths, possibly 
absorptive in function. 

The race of scorpions is of very ancient origin, for one 
has been found in Silurian strata, and others nearly resem- 
bling those now alive are found m the Carboniferous. 

In many ways, eg, in their appendages, endosternite, 
and coxal glands, the scorpions link the Arachnoids to the 
King-crabs, and thus to the Trilobites. 

Order 2. PsEUDOSCORPioNiDiE ‘‘Book-Scorpions,”/?.^. 

Chehfer, Cherzies 

Minute animals, most abundant in w^aim climates, under bark, in 
books, under the wing-covers of insects, etc. They aie like miniature 
scorpions, but without the long tail and sting. Their food piobably 
consists of the juices of insects Theie is a cephalothorax with six 
pairs of appendages; the chelicerse are minute and chelate, with 
openings of spinning glands, the pedipalps like those of scorpions. 
The abdomen is broad, with ten to eleven segments, They breathe 
by tubular tracheae. 


Ordei 3. Pedipalpi. “WTiip-Scorpions,” /?^. Thelyphomcs, Phryiim 

Small animals, found m warm countries. There is a cephalothorax 
with six pairs of appendages , the abdomen is depressed, well-defined 
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from the thorax, and has eleven to twelve segments The chelicerm 
are simply claw ed, but are poisonous , the pedipalps are simply clawed 
01 else truly chelate The fiist pair of limbs are like antennm. 
Respiration IS by tw o pairs of abdominal lung-sacs. In Thelyphonus 
theie IS a long terminal whip 

Order 4 Phalangid.e (or Opilionin\) “Harvest-men,” e.g. 

Phalangium 

The small, spider-like “harvest-men” are noted for their extremely 
long legs, by which they stalk slowdy along, avoiding the glare of day 
The broad six-segmented abdomen is not constricted off from the 
unsegmented cephalothorax ; the chelicerce are chelate ; the pedipalps 
are like legs. Respiration is by tubular tracheae. The har\'est-men 
do not trouble us, but feed on small insects. 

Order 5. Solpugid^ 01 Solifug.e, eg. Galeodes or Solpuga 

Active, pugnacious, venomous, nocturnal animals, found in the 
w^armer parts of the earth The head and abdomen are distinct from 
the thorax The thorax has three segments, the abdomen nine or ten. 
The chelicerfe are large and chelate, the pedipalps like long legs. The 
respiration is by means of tubular tracheae. The presence of distinct 
segments on the thorax is remarkable 

Several othei small orders of Arachnids must be recognised, eg. 
Palpigradi for a very interesting minute form, Kcenema^ with the last 
two joints of the cephalothorax free, and with an abdomen of eleven 
segments ending in a long-jomted whip 

Order 6 . Araneid^e. Spiders 

Spiders are found almost everywhere upon the earth, 
and a few are at home in fresh water, e.g. Argyronefa, and 
on the seashore, e.g. Desis, Desidiopsis. Most of them 
live on the juices of insects, and many form webs in which 
their victims are snared. They may be divided, accord- 
ing to habit, into the wanderers who spin little, and the 
sedentary forms who spin much. 

The body of a spider is very distinctly divided into two 
parts : the cephalothorax and the abdomen, connected by 
a narrow waist. The chitinous cuticle varies in hardness, 
hairiness, and colouring; it has, as usual, to be moulted 
as the spider grows. Thus the young garden spider moults 
eight times m its first year. 

There are six pairs of appendages — 

I The two -jointed cheliceroe or falces, whose terminal joint or fang 
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bends down on the basal joint in “sub-chelate'’ fashion, and is per- 
forated by the duct of a poison gland 

2 The leg-hke, usually six-jomted, non-chelate pedipalps, whose 
basal joint helps in mastication, while the terminal joint m the male 
expands as a leservoir for the spermatozoa and serves as a copulatory 
organ. 

3-6 Four pairs of teiminally clawed 7-jointed walking legs The 
most anterior pair are much used as feelers. The spinnerets at the 
end of the abdomen are modified abdominal legs Besides these the 
embryo has four pairs of abdominal appendages which abort. 




I , Female garden spider , II , end view of head of the same 
showing the simple eyes, ^ the poison fangs {ch ), and the 
pedipalps (^ ) , III , posterior end of body showing two pans 
of spinnerets (s/.), with anus above 


The nervous system is of the usual Arthropod type, but 
shows much centralisation. Thus the ventral ganglia are 
fused into one large centre in the cephalothorax (see Fig. 
193), a condition comparable to that in crabs. There 
are two or three rows of simple eyes on the cephalothorax, 
whose focal distance is very short, spiders trusting most 
to their exquisite sense of touch, by which they discriminate 
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the various vibrations on a web line. The senses of smeb, 
hearing, and taste are also present, but little is known in 
regard to the organs. 

Body cavity, endosternite, and coxal glands generally 
resemble those of scorpions 
The spider usually sucks the 


blood and juices of its prey, 
and behind the gullet lies 
a powerfully suctorial region, 
strengthened by^ chitinous 
plates, and worked by muscles 
From the small mid-gut arise 
five pairs of long ci 3 eca, a pair 
running forwards and a pair 
passing into the bases of each 
pair of legs, and then back 
again. These caeca sometimes 
anastomose. Farther back the 
mid-gut gives off numerous 
digestive outgrowths, which fill 
a large part of the abdomen. 
Their secretion digests pro- 
teids. Terminally there is a 
large cloaca, and where the 
intestine joins this, four much- 
branched excretory Malpighian 



tubes are given off, which are pjQ — Dissection of My^ale 

said to be endodermal in from the ventral surface. — After 


A three-chambered heart, t, cheiicera? , 2, pecUpaips cut shurt , 


containing colourless blood, 

lies within a pericardium near abdomen ; r chambered trachem 
. T 1 r Cl lung-books — at the left side the 

the dorsal surrace OI the antenor is cut open to show the 

abdomen. It gives off an 

anterior and a posterior aorta oz > , ovar^ , , sp.mnerets 

and lateral vessels ; and the 

circulation corresponds in general to that of the scorpion. 

In a few forms (Tetrapneumones) respiration is effected 
by four “lung-books,” in the large bird-catching Mygale 
(Fig. 193). In the vast majority (Dipneumones) there are 
two lung-books, and tubular tracheae in addition. The 


24 
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stigmata of the lung-books lie on the anterior ventral surface 
of the abdomen ; the tracheae open postenorly near the 
spinnerets, or just behind the opening of the lung-books, or 

at both places ^ , . , . 

The spinnerets (4-6) lie posteriorly a little m front of the 
anus. They are movable organs, perforated by numerous 
(often many hundred) fine tubes or “spinning spools 
The tubes are connected with numerous compressible 
dands secreting liquid silk. There are various kinds of 
glands, and both the amount and the nature of the secretion 
are under the spinner’s control. The spinnerets arise 
from modifications of abdominal appendages, and the 
glands are ectodermic invaginations. 

Many spiders have at the 
base of their spinnerets a 
transverse surface or cribrel- 
lum perforated by spinning 
tubes, and from this they 
comb out a peculiar curled 
silk with the help of a row 
of stiff bristles or calamistrum 
on each posterior leg. 

The males are usually 



FiCt. 194 — Section of lung-book 
— Aftei Macleod 

d , Dorsal , v , central , / , lamelte , / , 
posterior , a , anterior , dc , dorsal 
cbamber, a, posterior 'v\all; jri' , 
stigma , o/i , one of the interlamellar 
chambers. 


smaller and often more 
brightly coloured than their 
mates. From the paired 
testes, in the anterior part 
of the abdomen, two vasa 
deferentia pass to a com- 


mon aperture beside the openings of the lung-books. 
From the paired ovary two oviducts likewise arise and open 
into a uterus, whose external aperture is surrounded m the 
mature female by a complex genital armature or epigynium. 


Here also in most females are the openings of two recep- 


tacula seminis, in which the sperms received from a male are 
stored, and from which they pass by a pair of internal ducts 
to the oviducts, there to fertilise the ova. The sperms of 


the male, after emission, may be stored up in the last joint 
of the palps. The ova are usually surrounded by silken 
cocoons, which are carried about by the mother or carefully 


hidden in nooks or nests. There is no metamorphosis, but 
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spiders at birth are often very different in details from their 
later stages. 

Spinning*. — Compiession of the spinning glands causes a flow of 
liquid silk through the fine spools of the spmneiets The extremely 
thin filaments from each spinneret unite into a thread, and the thread 
of one spinneret is often combined with that fiom the otheis. In this 
way a compound thread of exquisite fineness, though rivalled by a 
quartz-fibie, is pioduced, but two 01 four separate threads are often 
exuded at the same time Befoie beginning to “spin,’' the spider 
often pi esses the spinnerets against the surface to ivhich the thread is 
to adhere, and draws the filaments out by slowly moving away. Often, 
however, the filaments ooze out quite apart fiom any attachment. The 
legs are also much used m extending and guiding the thread, and some 
spiders have, as has been mentioned, a special comb (calamistrum) 

One of the most important ways in which the secreted threads are 
used is in forming a web The common garden spider [Epetra) makes 
a web which is a beautiful woik of unconscious art, and very effects e 
as a snaie foi insects The spider fiist forms “foundation lines” 
around the selected area ,* it then sivings across the area with the first 
“ ray,” which it fixes fiimly ; another and another is formed, all inter- 
secting in one centie. Thirdly, it stares from the centre, and moves 
from ray to ray in a long wide spiral giadually outwards, leaving a 
strong spiral thread as it goes Fourthly, the spider moves in a closer 
spiral from the circumference inwards, biting away the former spiral, 
replacing it by another, which is viscid and adhesive. It is to this that 
the web chiefly owes its powei of catching insects which light there. 
There is usually a special thread running to the adjacent hole or nest, 
and the spider feels rather than sees when a victim is caught. 

The spun threads are used in many other ways. They line the nest, 
and form cocoons for the eggs. They often trail behind the spiders as 
they creep ; they greatly assist locomotion, and are used m marvellous 
feats of climbing. Small and young spiders often stand on tiptoe on 
the top of a fence, secrete a parachute of threads, and allow them- 
selves to be borne by the wind. The fallen threads are known as 
gossamer. 

Courtship. — The males are often much smaller than the females. 
It is calculated that the disproportion is sometimes such as would be 
obseived if a man 6 ft high and 150 lb m w'eight were to marry a 
giantess of 76-90 ft. high, 200,000 lb. in v eight. It may be that the 
smallness of the males is mainly due to the fact that they aie males j 
others explain it by saying that the smaller the males are, the less likely 
they are to be caught by their fiequently ferocious mates. 

The males are often more brilliantly coloured than the females, 
perhaps, again, because they are males, though w'hat the physiological 
connection betw^een the male constitution and biight colours is in this 
case we cannot tell till the nature of the pigments is known. Wallace 
has spoken of the frequent brilliancy of males as due to their greater 
vitality, and refers the relative plainness common in females to their 
greater need for protection. Darwin referred the greater decorativeness 
of males to the fact that those which varied in this diiection found 
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favoui in the eyes of then mates, weie consequently more successful 
in leproduction, and thus tended to entail biilliancy on their male 
successors. The careful lesearches of Piof and hTrs Peckhain greatly 
strengthen the position of those who believe in the efficacy of sexual 
selection. In the Evohihon of Sex it has been suggested that sexual 
selection may help to establish the brilliancy of males, and that natural 
selection may help to keep the females plain, but that the decorative 
and other differences between the sexes are primarily associated with 
the more fundamental qualities of maleness and femaleness. 


Classificahon of Spiders 

1 Teliapneumones oi Mygalomorpha, with foiii lung-books and 

no trachece , the fangs of the cheliceue move vertically, 
parallel to each other, eg — 

My gale ^ a laige lurking spidei which has been known to 
kill small birds, but usually eats insects , Atypus, Ciemza^ 
and others make neat trap-dooi nests, 

2 Dipneumones oi Arachnomoipha, with two lung-books and 

trachem as well ; the fangs of the cheliceise move somewhat 
horizontally toward each other 

The web-spmners, eg Epeira*, wolf-spiders, eg. Lycosa, 
Tarantula^ the lattei with poisonous qualities which have 
been much exaggerated ; jumping spiders or Attidse, e.g. 
Attics salticus The common house spider is Tegenaria 
domeshca ; the commonest garden spider is Epezra 
diademata. Agyroneta aqiiatua fills an aquatic silken 
nest with bubbles of air caught at the suiface. 

Order 7. Acarina. Mites and Ticks 

Mites aie minute Arachnoids inclined to parasitism. They occur m 
the earth, or in water, salt and fresh, or on animals and plants. They 
feed on the organisms they infest 01 upon organic debus 

The abdomen is fused with the cephalothorax, but there is sometimes 
a clear boundary line ; both are unsegmented except in Opilioacarus, 
w^hich has a segmented abdomen According to the mode of life, the 
mouth-parts are adapted foi biting 01 for piercing and sucking. 
Respiration may be simply through the skin ; in the majority theie are 
trachece with two stigmata A heait seems usually absent, but it is 
present in Gamasns Many of the young have only three pairs of legs 
when hatched, but soon gam another pair When some mites are 
starved or desiccated, and to some extent die, certain cells m the body 
unite wuthm a C}st, and aie able in favourable conditions to regiow the 
animal 

Examples — 

(«) Without trachece Cheese -mite (Tyioglyphus). Itch-mite 
(Fig. 196) [Sarcoptes stabiei)^ causing “itch” in man; S. 
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cams, causing ‘'mange” m dogs. Folhcle-mite {Demodex 
folhtulorum'), common in the hair follicles of man and domestic 
animals (Fig. 195). Gall-mites (Phj-toptids), foiming dimples 
and pouches on plants. 

(i^*) V/ith tiachem. Harvest-mites [Trombidiitm), whose minute 
hexapod larvae aie troublesome parasites in summer on 



Fig 195. — Follicle-mite 
(gieatly enlarged). 


Fig. 196. — Itch-mite {Sarcoptes scabtei) 
(greatly enlarged). 


insects, many mammals, and man. The so-called “ red 
spider ” ( Tetranychus teleartus) spins webs, and lives 
socially under leaves Water-mites, e g, Hydrachna on 
water-beetles, and Atax on gills of fresh-water mussels. 
Beetle-mites [Gamasus], often found on carrion beetles. 
There is a common red mite on the shore-rocks, known as 
Molgiis [Bdella] httorahs. 

Ticks (Ixodidm, etc.) are the largest Acarina. They show a movable 
“ capitulum ” bearing serrated cutting chelicerse and strong four-jointed 
pedipalps. They are responsible for spreading the germs of some 
diseases affecting man and beast, e.g human “ tick-fever ” on the 
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Congo, spiead by OrmiJiodoros moiibaia , a spirocha^t disease m poultry, 
borne by Argas A.pe?'sicz(s ; Texas fevei or led watei ” in 

cattle, Gained by Boophilus anmdatus. The common sheep-tick in 



Fig 197 — Tick {Ixodes riduvitts^ 
female), dorsal surface, showing the 
o\al shield Whelei. 

// , HypopharjTix , P , palp , L P L IV ^ 
first and fourth leg 


Fig 198 — Tick [Hodes ndumtis^ 
female), vential surface. — After 
Wheler. 

R, Rostrum, P., palp, G, genital 
aperture, .S' 71, stigma, A ,anus 


Britain is Ixodes 7 lanus. It may be noted that mites have been found 
inside human tumours, and there are many facts suggesting that some of 
the small Acaimes may shaie m spreading disease geims. Even 
Demodex may play its part. 


Aberrant Orders or Classes 

Ordei Linguatulida or Pentastomida, e g. Pentastomum 
tcemotdes 

This strange animal is parasitic in the nasal and frontal cavities, etc , 
of the dog and wolf. It is worm-Iike in form, exteinally ringed, 
without any oral appendages, but with two pairs of movable hooks near 
the mouth. The muscles are striated. The alimentary canal is very 
simple, without Malpighian tubes. A narrow circumoesophageal nerve- 
ring, without a brain, is connected with a single ventral ganglion 
There are no sense organs nor tiachem, nor is there any heart. The 
sexes are separate ; the males smaller than the female. 

Embry’os within egg-cases pass from the nostrils of the dog. If they 
happen to be swallowed by a rabbit or a hare, or it may be some other 
mammal, the embryos hatch m the gut and penetrate to liver or 
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lung There they enc}st, moult, and undeigo metamorphosis. 
The final larval foim has two pairs of short legs, and has been 
compared to a laival mite Libeiated fiom its encystment, it mo\es 
about within its host, but will not become adult or sexual unless its host 
be eaten by dog or wolf There are a few other species occurring in 
Reptiles, Apes, and even man, but their history is not adequately 
known, and the systematic position is \ery unceitain Theie is \ery 
little teason for ranking them along with Arachnoids 

Ordei Tardigrada Water-bears oi Sloth-animalcules, 
eg Alao obwtits 

Micioscopic animals, sometimes found about the damp moss of 
swamps or even in the roof-gutters of houses Some occur in fresh 
water, others in the sea The unsegmented body is somewhat worm- 
like, with four pairs of unjointed clawed limbs like little stumps, with 
mouth-parts resembling those of some mites, and adapted for piercmg 
and sucking. The muscles are unstriped There is no abdomen. 
There is a food canal, a brain, and a vential chain of four ganglia, 
sometimes even a pair of simple eyes, but no respiratory or vasculai 
organs The sexes are separate , the males rarer and smaller 

The tenestiial Tardigrada, even as adults, have great powers 
of successfully resisting desiccation, but sometimes only the eggs do so, 
developing rapidly when favouiable conditions return. There is veiy 
little reason for ranking them along with Arachnoids Perhaps, as the 
seta-hke claws” and the cirri of some types suggest, they are nearer 
to Annelids. 


Class Pal^eostraca 

The three following orders, Xiphosura, Eurypterina, and 
Tnlobita, may be united under this title. They live or 
lived in water, and have or had gills in association with the 
limbs The recently discovered antennae of Trilobites, 
together with the markedly biramose character of some of 
their limbs, suggest an affinity with Crustacea, but, on the 
other hand, the affinities of the Xiphosura seem to be 
distinctly Arachnoid, 

Order i. Xiphosura 

There is one living genus, the King-crab or Horseshoe- 
crab {Limtclus), 

The King-crab lives at slight depths off the muddy or 
sandy shores of the sheltered bays and estuaries of North 
America, from Maine to Florida, in the West Indies, and 
also on the Molucca Islands, etc., in the far East The 
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body consists of a vaulted cephalothorax shaped like a 
horseshoe, and an almost hexagonal abdomen ending m a 
long spine Burrowing in the sand, Limnlus arches its 
body at the joint between cephalothorax and abdomen, and 
pushes forward with legs and spine It may also walk 
about under water, and even rise a little from the bottom. 

It IS a hardy animal, able to 
survive exposure on the shore, 
or even some freshening of 
the water Its food consists 
chiefly of worms. 

The Kmg-ciab is interesting in 
its stiuctiue and habits and also 
because it is the only living repre- 
sentatu e of an old race 

The haid, horseshoe - shaped, 
chitmous cephalothoracic shield is 
vaulted, but the internal cavity is 
much smallei than one would at 
first sight suppose , the well-defined 
abdomen shows some hint of being 
divisible into meso-and meta-soma, 
the long shaip spine is (like the 
scorpion’s sting) a post-anal telson 
On the concave undei -surface of 
the cephalothoiax theie aie six 
(or seven) pairs of limbs, as in 
spiders and scorpions — 

(1) k little pair of three- 
jointed chelicersfi in front 
of and bent towards the 
mouth 

(2) A pair of pedipalps lateral 
to the mouth. 

Fig. 199. — or King-ciab (3-6) Four pairs of walking 

ch , Chehcerse , , operculum , the bases of which 

^ j ^nus surround the mouth, and 

help in mastication Be- 
hind these, still on the cephalothoiax, there is a pair of small 
appendages called chilaiia. 

Then follows on the abdomen a double “opeiculum” with the 
genital apertures on its postenor surface 
Under the operculum he fi\e pairs of flat plates beaiing remark- 
able respiratory organs (“gill-books”) These appendages 
show hints of the exopodite and endopodite structure character- 
istic of Crustaceans 

Each “gill-book ” looks like a much-plaited gill, or like a book with 
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over a bundled hollow leaves The leaf-like folds are externally 
washed by the water, and within them the blood flows The leaves 
of the £Til]-books aie often compared to the leaves of the insunk lung- 
books of scorpions. 

Spawning occuis in the spring and summei months The ova 
and speimatozoa are deposited in hollows near high-watei mark. 
Some of the early stages of development present conSdeiable resem- 
blance to conesponding stages in the scorpion In the larvm, 
both cephalothoiax and abdomen show signs of segmentation, but 
this disappears. The spine is represented only by a very short 
plate, and the larva presents a stiikmg superficial resemblance to a 
Tiilobite. 

It seems likely that Limulus is linked to the extinct Euryptends by 
some fossil forms known as Hemi- 
aspidcn, eg Hein^aspis, Belmums, 

Older 2 Eurypterina ( = Meio- 
stomata oi Gigantostraca), e g. 

Ewypteru^ 

Large extinct foims found from Or- 
dovician to Carboniferous stiata. The 
body IS divided into head, thorax, 
and abdomen The head is small and 
unsegmented. The thorax is com- 
posed of SIX distinct segments, the 
abdomen of six with a teiminal telson, 
which was sometimes a pointed spine, 
sometimes paddle-shaped. There is, 
however, some doubt as to the exact 
nomenclature of the regions. On the Limulus 

head are borne six pairs of appendages After Walcott, 

of varying shape, two lateral compound 

eyes, and two median ocelli On the ventral suiface of the thorax 
there aie five pans of gills covered by flat plates, of which the most 
anterior pair are very large, and form the so-called operculum (cf. 
Limulus) The surface of the body was covered with scales. Some 
of the Euryptends reached a length of 6 ft 

This order is sometimes placed near the Crustacea, but the general 
opinion is that they are linked through Limulus to Arachnoids 

Order 3 Trilobita. Tnlobites, e g^ Calymene, Bkacops, 
Asaphus 

Extinct forms chiefly found in Cambrian and Oidovician strata, but 
extending up to the Carboniferous. The body as found is divisible 
into three parts — the imsegmented head shield, often prolonged back- 
wards at the angles ; the flexible thorax of a varying number of 
segments ; the unsegmented abdomen or pygidium K median 
longitudinal ridge, or rachis, divides the body into three longitudinal 
portions. 
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Traces of limbs aie only lately 





preserved In the head region there 
are four pairs, apparently simple 
Antennce have been lecently found 
in this region The thorax and 
abdomen are furnished with biiam- 
ose appendages, with long-jointed 
endopodite, short exopodite, and a 
gill (or epipodite ?) of varying shape 
In the abdominal region the gills 
were perhaps rudimentary 

Trilobites are often found rolled 
up in a way that reminds one of 
some wood-lice So abundant are 
they in some rocks that even then 
development has been studied with 
some success 

The limbs seem to be more like 
those of Crustaceans than those of 
Arachnoids, and the occurrence of 
antennae, observed by Lmncnus 
(1759), and recently coiroborated, 
accentuates the resemblance The 


Fig. 201.— Trilobite {Conoceph- affinities with Lumilus, accoiding 
ahtes] -After Barrande. to the views of other authorities, 
. lustify the association of Trilobites 

^thokcic region , h , p/gidmin ^d^ bt'perhaps' effected'' b^regaS- 
ing the Trilobites as an offshoot from a stock ancestral to both 
Arachnoids and Crustaceans. 



Fig. 202. — ^Vertical cioss-section of a Tnlobite {Calymcne). 
— After Walcott. 

I , Intestine, .r , shield , L , endopodite, e , exopodite, b , epipodial parts 


hicert(£ Sedis 

Class Pycnogonida, Pantopoda, or Podosomata 

These are maiine Arthropods, sometimes called sea-spideis Their 
affinities are uncertain, but perhaps they may be ranked between 
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Ciustaceans and Arachnoids Many climb about seaweeds and 
hydroids neai the shoie, but some li\e at great depths The body 
consists of an anterior proboscis, a cephalothoracic region with three 
fused and three free segments, 
and an unsegmented ludimentaiy 
abdomen. There aie typically 
seven pairs of appendages Of 
these the liist aie short and 
chelate, but may be absent in 
the adult The next two are 
small and slender, and are often 
absent m the adult female; the 
second pair may also be absent 
in the male, but the third in 
the males of all genera carnes 
the eggs. The last four pairs of 
appendages are always present, 
and form the walking legs Into Fig 203 — Sea-spider {Pycnogomim 
them, and into the chelicerse htto^'ale), from the dorsal surface, 
when these are present, out- 
growths of the mid-gut extend The sexes are separate The laivm 
are at first unsegmented, with three pans of appendages. 




Fig. 204 — Male of Nymphon. — After Sars 

PR , Proboscis ; chelophores ; P , pedipalps , E., eggs carried on 
ovigerous legs , A , rudimentary abdomen. 


Examples — Pycnogomi-m^ Nymphon^ Ajnmothea, In Pentanympkon 
and Decolopoda there is an extra pair of long walking legs. 



CHAPTER XVI 

PHYLUM MOLLUSCA 


Classes — i Gasteropoda, ^ Snails. 2 Solenogastres — A small 
class of doubtful worm-like foiins, e.g. Neomema, 3. ScAPHO- 
POD V — A small class, ^ Dentahitm 4 Lameli IBRANCHIATA 
— Bivahes 5 Cephalopod \ — Cuttle-fishes. 

The series of Molluscs is in many ways contrasted with 
that of Arthropods ^ thus the body of the Mollusc is un- 
segmented, and there are no appendages The general 
habit of life is also very different, for, although there are 
active Molluscs and sluggish Arthropods, it is true as an 
average statement that Molluscs are sluggish and Arthro- 
pods are active. In the frequent presence of a trochosphere 
larva, in the nerve-ring around the gullet, "and in some oth^ 
Feature sT Mol lus cs r e semble An n elids, but it is probable" 
that they took their origin from a still lower level. 


General Characters 

Molluscs are unseg 7 ne?ited a?id without appendages. The 
symmetry is fundame?itally bilateral^ but this is lost in most 
Gasteropods, The ^^fooT^ — a muscular protrusion of the 
ventral surface — is very characteristic it usually serves for 
locomotion^ but is much modified according to habit. Typically^ 
a projecting dorsal fold of the body-wall forms a 7 nantle^ or 
pallium (Fig. 205, c.\ which often secretes a single or bilobed 
shell covering the viscera^ and roofs in a space~the mantle 
cavity — withni which lie the gills. But both mantle and shell 
may be absent. There are three chief pairs of ganglia — cere- 
brals^ pedals^ and pJeurals — with connecting circum-oesophageal 
commissures^ and there is also a visceral nervous system con- 
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sistmg typically of (a) a loop connecting the two pleura Is and 
provided with two visceral ganglia^ and (b) a stomato-gastric 



Fig. 205.— Ideal mollusc — After Ray Lankester. 

ni , ]\Iouth , ^ c 5 cerebral ganglia , c , edges of mantle sbirt , , 

duct of right lobe of digestive gland , s , pericardial cavity ,y, 
edges of shell-sac , v , ventricle of heart; , nephndium , an , 
anus , n , posterior part of the foot , I , opening of nephndium , 
, genital aperture , g- alf , abdominal ganglion on visceral 
loop ; g'v , visceral ganglion , a / , left lobe of digestive gland , 
p , foot , g- pe y pedal ganglion , g pi pleural ganglion 


loop connecting the cerebrals below the gullet and provided 
with two buccal ganglia (Fig. 205) Except in Lamelli- 
branchs^ in which the head region is degenerate^ there is in the 



Fig. 206 — Stages in molluscan development. 

Z>, Larva of Heteropod (after Gegenbaur), sh,^ shell covering 
visceral hump, v , velum ;y, foot 
E, Larva of Atlanta (after Gegenbaur); v ^ velum; sh , shell, 
foot , op , operculum 

mouth a chitinous I'lhbon or radula, usually bearmg numerous 
small teeth^ and moved by special 7nuscles^ the whole structure 
being known as the odontophore There is much unstriped 
muscle, but the more rapidly contracting muscles have cross- 
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striped fibres^ or fib?es with uiistriped fibrils twisted in a 
spiral, A portion of the true body cavity or coelom usually 
persists as the pericardium at least (Fig. 205, s)^ and 
communicates with the exterior through the nephridiu 7 n or 
nephridia The rest of the cavity of the body is limnoccelic. 
The vascular system i^ almost always well developed^ but 
part of the circulatiofi is in most cases lacunar ^ the heart 
typically consists of a ventricle and two auricles. Respiratory 
organs are most typically represented by gills or ctenidia^ 
consisting of an axis attached to the body and bearing lamellce.^ 
but the gills may have simpler forms^ or may be absent^ and 
in the terrestrial snails the mantle cavity is adapted for 
aerial respiration At the base of the gills there is generally 
an olfactory organ or osphradium The sexes are separate 
or united. There are two common larval stages, — the 
Trochosphere, which resembles the same stage in some 
Annelids, and the more characteristic Veliger (Fig 206) ; 
hit the development is often direct. 

First Type of Mollusca. The Snail (Jleltx), one of the 
terrestrial (pulmonate) Gasteropods 

Habits. — The common garden snail {H. aspersd), or the 
larger edible snail {H. pomatia), which is rare in England 




Fig 207 — Roman snail {Hehx pomaiia) 

Note shell covering visceral hump , , pulmonaiy aperture 

(including anus and opening of ureter), y, the foot,^<£r^, 
genital aperture , m , mouth , i , eye on long horn , r /i , one of 
short horns 



but abundant on the Continent, serves as a convenient type 
of this large genus of land-snails. They are thoroughly 
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terrestrial animals, breathing air directly through a pulmon- 
ary chamber, and drowning (slowly) w^hen immersed in 
water. Their food consists of leaves and other parts of 
plants, but they sometimes indulge m strange vagaries of 
appetite. They are hermaphrodite, but there is always 
cross-fertilisation. The breeding time is spring, and the 
eggs are laid in the ground. In winter snails bury them- 
selves, usually in companies, cement the mouths of their 
shells with hardened mucus and a little lime, and fall into a 
state of ‘‘ latent life,” in which the heait beats feebly. They 
have been known to remain dormant for years 



Fig 208 — Vertical section of the shell of a species 
of Hehx. 

, Mouth of shell , A., ape\ , C , columella 


G-eneral appearance. — A snail actively creeping shows a 
well-developed head, with two pairs of retractile horns or 
tentacles, of which the longer and posterior bear eyes. The 
foot, by the muscular contraction of which the animal 
creeps, is very large ; it leaves behind it a trail of mucus 
The viscera protrude, as if ruptured, in a dorsal hump, 
which is spirally coiled and protected by the spiral shell. 
On slight provocation the animal retracts itself within its 
shell, a process which drives air from the mantle cavity, and 
thus helps indirectly in respiration. Around the mouth of 
the shell is a very thick mantle margin or collar, by which 
the continued growth of the sheD is secured. On the right 
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Side of the expanded animal, close to the anterior edge oi 
the shell, there is a large aperture through which air passes 
into and out of the mantle cavity. Within the same 
aperture is the terminal opening of the ureter. The food 
canal ends slightly below and to the right of the pulmonary 
aperture. All the three openings are close togethei. The 
anterior termination of ureter and food canal is one of the 
results of the twisting of the visceral mass forwards to the 
right. But still farther forward, at the end of a slight groove 
which runs along the right side of the neck, indeed quite 
close to the mouth, is the genital aperture. Lastly, an 
opening just beneath the mouth leads into the large mucus 
gland of the foot. 

Shell. — The right-handed spiral shell is a cuticular 
product made and periodically enlarged by the collar 
Chemically it consists of carbonate of lime and an organic 
basis (conchiolin). The outermost layer is coloured, with- 
out lime, and easily rubbed off; the median layer is thickest, 
and looks like porcelain, the innermost layer is pearly. 
The twisted cavity of the shell is continuous, and the 
viscera extend to the uppermost and oldest part 

As the shell is gradually made, the innei walls of the coils foim a 
central pillar (columella), as on a stancase, and to this the animal is 
bound by a stiong (columellar) muscle Many Gasteropods beai a 
hora-hke shell-lid (operculum) on the foot, but Hehx has none ; the 
“epiphragm” with which the shell is sealed in winter consists of 
hardened mucus, plus phosphate and a smaller quantity of carbonate 
of lime. It IS formed \ er}^ quickly from the coUai legion when cold 
weather sets in, has no organic connection with the animal, such as 
binds the operculum to the foot of the whelk, and is loosened off m 
the mildness of spring 

Appearance after the shell is removed. — If the shell is 
removed carefully, so that nothing is broken except the 
columellar muscle, many structures can be seen without 
any dissection. The skin of the head and foot should 
be contrasted — {a) with the thick collar of the mantle , 
(b) with the mantle itself, which forms the loose roof of 
the pulmonary chamber, (c) wuth the exceedingly delicate, 
much-stretched, and always protected skin of the visceral 
hump. The mantle is a downgrowth of the skin of this 
dorsal legion. It is peculiar m the snail, in that its margin 
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(the collar) is fused to the body-wall. The result is to 
form a respiiatory cavity, which is as much outside the 
body as is the gill-chamber of the crayfish It is important 
to realise that the great rupture-hke hump of viscera on the 
dorsal surface has been coiled spirally, and that there is 
the yet deeper torsion forward to the right. 

A great part of the hump consists of the greenish brown 
digestive gland, in which the bluish intestine coils , behind 
the mantle chamber, on the right, lies the triangular and 
greyish kidney , the whitish reproductive organ lies in the 
second last and third last coil of the spiral. 

Skin. — This vanes greatly in thickness. It consists of 
a single-layered epidermis and a more complex dermis, 
including connective tissue and muscle fibres. There are 
numerous cells from which mucus, pigment, and lime are 
secreted, those forming pigment and lime are especially 
abundant on the collar, where they contribute to the growth 
of the shell. 

Muscular system. — Among the important muscles are — 
{a) those of the foot , {b) those which retract the animal 
into Its shell, and are in part attached to the columella, 
{c) those which work the radula in the mouth; {d) the 
retractors of the horns ; and (e) the retractor of the penis. 
The muscle fibres usually appear unstnated. There is 
much connective tissue, some of the cells of which contain 
glycogen, pigment, and lime. 

Nervous system. — This is concentrated in a ring around 
the gullet. Careful examination shows that this ring con- 
sists dorsally of a pair of cerebral ganglia, connected ventrally 
with a pair of pedals and a pair of pleuro-viscerals, which, 
according to some authorities, have a median abdominal 
ganglion lying between them. 

The cerebrals give off nerves to the head, e g to the 
mouth, tentacles, and otocysts, and also two nerves which 
run to small buccal ganglia, lying beneath the junction of 
gullet and buccal mass. The pedals give off nerves to 
the foot; the pleuro-viscerals to the mantle and posterior 
organs. 

Sense organs — An eye, innervated from the brain, is situated on 
one side of the tip of each of the two long horns It is a cup invaginated 
from the epidermis, lined posteriorly by a single layer of pigmented and 

25 
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non-pigmented letinal cells, filled with a cleai vitreous body perhaps 
eqni\alent to a lens, closed in front by a transpaient “cornea,” and 
stiengthened all lound by a firm ** sclerotic, How much a snail sees 
we do not know, but it detects quick movements Though the eye is 
by no means very simple, the snail soon makes another if the original 
be lost, and this piocess of legeneiation has been known to occur 
twenU tunes in succession 

The otoc}sts appear as two small white spots on the pedal ganglia. 
Each IS a sac of connective tissue, lined by epithelium which is said to 
be ciliated in one region, containing a fluid and a variable number of 
oval otoliths of lime, and mner\-ated b\ a delicate nerve from the cere- 
bral ganglia 

Though no osphradium or smelhng-patch, comparable to that which 
occuis at the base of the gills m most Molluscs, has been discovered in 
Helix, the snail is repelled or attiacted by odours j it shrinks from tur- 
pentine, It smells strawberries from afar This sense of smell seems to 
be located in the horns, foi a dishorned snail has none The tips of 
both pairs of horns beai sensory cells connected with ganglionic tissue 
and ner\ e-fibres within 

Other sensory cells, probably of use m tasting, he on the lips ; and 
there are man} otheis, which may be called tactile, on the sides of the 
foot, and on various paits of the body In short, the snail is diffusely 
sensitive 

Alimentary system. — In cutting a piece of leaf, the snail 
uses two instruments — the crescentic jaw-plate on the roof 
of the mouth, and the toothed ribbon or radula on the floor. 
This radula is like a flexible file, — a short and broad strip 
of membrane, bearing several longitudinal rows of minute 
chitinoid teeth. It lests on a cartilaginous pad on the floor 
of the mouth cavity, and is moved (backwards and forwards, 
and up and down) in a curve by protractor and retractor 
muscles. The whole apparatus, including teeth, mem- 
brane, and pad, is called the odontophore. The radula 
wears away anteriorly, but is added to posteriorly within a 
radula sac which projects from the floor of the buccal cavity. 
Its action on leaves may be compared very roughly to that 
of a file, but its movements within the mouth also produce 
a kind of suction which draws food particles inwards. In 
this suction the muscular lips and the cilia in the mouth 
cavity assist. 

The ducts of two large salivary glands open on the 
dorsal surface of the buccal cavity, and there are numerous 
distinct glandular cells close to the entrance of the two 
ducts. The salivary glands are large lobed stiuctures, and 
extend far backward on the crop. They consist of hundreds 
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of glandular cells or unicellular glands, which secrete a clear 
fluid. This travels up the ducts, and is forced, in part 
at least, by muscular compression, into the buccal cavity. 
While some say that this fluid comerts starch into sugar 
(after the usual fashion of saliva), othei authorities deny 
that it has any effect upon the food Similar glands are 
found in all Gasteropods, while they are entirely absent in 
Lamellibranchs. In some boring Gasteropods the secretion 
contains 2-4 per cent of free sulphuric acid 

The gullet extends backward from the buccal cavity, and 
expands into a storing-crop, this is followed by a small 
stomach surrounded by the digestive gland , thence the 
intestine extends, and, after coiling in the visceral hump, 
passes forward to end on the right side anteriorly beside 
the respiratory aperture The digestive tiact is muscular, 
and in part ciliated internally. 

A large part of the visceral spiral is occupied by the so- 
called “liver” This gland has two lobes, each of which 
opens by a duct into the stomach. The left lobe is again 
imperfectly divided into three. Besides producing juices 
which digest all kinds of food, the gland makes glycogen, 
stores phosphate of lime, and contains a greenish pigment. 
It is thus more than a “liver,” more even than a “hepato- 
pancreas,” it is a complex digestive gland, producing several 
digestive ferments. The phosphate of lime may possibly 
be used to form the autumnal epiphragm 

Vascular system. — The blood contains some colourless 
amoeboid cells, and a respiratory pigment called haemo- 
cyanin, which gives the oxidised blood a blue tint, and is 
very common among Molluscs. 

The heart, with a ventricle and a single auricle, lies in a 
pericardial chamber on the dorsal surface, to the left side, 
behind the mantle cavity The average number of pulsa- 
tions m Gasteropods is about one hundred per minute, but 
m the hibernating snail the beating is scarcely perceptible. 

From the ventricle pure blood flows by cephalic and 
visceral arteries to the head, foot, and body, passes into 
fine ramifications of these arteries, and thence into spaces 
among the tissues. From these the blood is collected in 
larger venous spaces, and eventually in a pulmonary sinus 
around the mantle cavity, on the roof of which there is a 
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network of vessels. There the blood is purified Most of 
it returns directly to the auricle by a large pulmonary vein, 
but some passes first through the kidney. 

Kespiratory system. — Most Gasteropods, eg. the dog- 
whelk {^Purpura\ the buckle (Biuanum), the periwinkle 
{Littorind)^ breathe by gills covered by the mantle. The 
snail being entirely terrestrial, has a pulmonary or lung 
cavity, formed by the mantle fold On the roof of this 
cavity the blood vessels are spread out. Air passes into and 
out of the pulmonary chamber by the respiratory aperture. 
When the animal is retracted within its shell, the freshening 
of the air in the pulmonary chamber takes place by slow 
diffusion, but when the snail extends itself at full length, 
the chamber is rapidly filled with air, and it is even more 
rapidly emptied when the body is withdrawn into the shell. 

Excretory system. — There is a single triangular greyish 
kidney behind the pulmonary chamber, between the heart 
and the rectum It is a sac with plaited walls, and excretes 
nitrogenous waste products, which pass out by a long ureter 
running along the right side of the pulmonary chamber, and 
opening close beside the anus There are two sources of 
blood supply to the kidney — {a) from the pulmonary 
chamber, and {b) from the heart by a renal artery. As in 
most other Molluscs, the kidney communicates by a small 
aperture with that part of the coelom which forms the 
pericardial sac. Thus, as in earthworm, lobworm, etc., the 
coelom has a nephridial connection with the exterior. 

Eeproductive system. — The snail is hermaphrodite, and 
its reproductive organs exhibit much division of labour. 

{a) The essential reproductive organ (the ovotestis) is a 
whitish body near the apex of the visceral spire It consists 
of numerous cylindrical follicles, in each of which both ova 
and spermatozoa are formed, but not at the same time. 

{b) A much-convoluted hermaphrodite duct of a white 
colour conducts the sex cells from the ovotestis, and leads 
to the base of a large yellowish albumen gland. 

{c) This tongue-shaped albumen gland vaiies in size with 
the age and sexual state of the snail. It forms gelatinous 
proteid material, which envelops and probably nourishes 
the ova. 

(d) The ova and spermatozoa pass from the hermaphrodite 
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duct towards the head along a mnmon duct, but not at the 
same time. Moreover, their paths are different, for the 
portion of the duct down which the ova travel is much 
plaited, while the path which the spermatozoa follow is a 



OT 

FuJ 209 — Dissectioa of snail. 


r, Short honi, TV , long horn with eye, iV., cerebral ganglia; S G , 
salivary glands on the crop , / , foot, M , columellar muscle, V C., 
visceral coil \ O T ^ ovotestis , V , ventricle of heart , R rectum , U , 
ureter , R V , blood vessels returning to the auricle from the mantle , 

A , pulmonary aperture, MA., edge of the mantle. 

less prominent groove, incompletely separated from the 
other. Both paths are glandular, and the glands on the 
male side are often called prostatic. 

(e) At the base of this common duct, a distinct vas 
deferens diverges to the left and leads into a muscular 
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which can be protruded at the single genital aperture and 
retracted by a special muscle Before the vas deferens 
enters the penis, a long process or flagellum is given off. 
It IS like the lash of a whip, and is as long as the common 
duct. Its secretion is used in forming a sperm-packet or 
spermatophore of a large number of spermatozoa, which are 


or 



Fig. 210. — Reproductive organs of Helix pofiiatia , — 

After Meisenheimer. 

O. T.y Ovotestis ; H.D , hermaphrodite duct , A.G , albumen sjland , F.D , 
female side of common duct M D , male side of common duct , 0 , 
oviduct ; R S , receptaculum seminis , MG, mucus glands , D S , 
dart-sac, Y Z? , vas deferens , flagellum , P., penis, , retractor 
muscle of penis ; AP , genital aperture 


compacted together at the time of sexual union partly in 
the flagellum, partly in the penis. The spermatophore is 
transferred by the penis into the genital aperture of another 
snail. 

(/) Continued from the oviducal side of the common 
duct, there is a separate ciliated oviduct. This has a short 
course, and ends in the common genital aperture. Before 
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it reaches this, however, the oviduct is associated with two 
structures. The first of these is a long process, as long as 
the common duct beside which it runs, m appearance 
suggesting the flagellum, but expanding at its free end into 
a globular sac — the 7'eceptaadm7i seminis or sper?naflieca. 
In Helix aspersa a long slender diverticulum is given off 
from the duct of the receptaculum. This is also occasionally 
seen in Helix poniatia. A spermatophore from a?ioiher 



Fig. 21 1. — Snail {Hehx poviatta) laying its eggs — 

After Meisenheimer. 

snail passes into the receptaculum, and is there dissolved 
after some days, liberating hundreds of spermatozoa By 
these spermatozoa the ova of the snail are fertilised. It 
seems likely that the place of fertilisation is in a small 
diverticulum at the upper end of the oviducal side of the 
common duct, whither the spermatozoa are said to find 
their way. The second structure associated with the female 
duct is a conspicuous inucus glands formed of two sets of 
finger-like processes The secretion is very abundant 
during copulation, and as it contains not a little lime, it is 
possible that it may form the calcareous shells of the eggs. 
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It seems to serve as a lubricant which facilitates the 
expulsion of a calcareous dart and the copulation. 

(£) Finally, between the entrance of oviduct and penis 
into the terminal aperture there lies a firm cylindrical 
structure, larger than the penis and with muscular walls. It 
IS the CiipiLs Dart Sac^ and contains a pointed calcareous 
arrow (spicuhan anioris\ which is jeiked out previous to 
copulation The dart is sometimes found adhering to the 
foot of a snail, and after copulation the sack is empty, soon, 
however, to be refilled. 


When two snails pair, the genital apertures are dilated, the 



protruded penis of one 
is inserted into the 
aperture of the other, 
and the spermatophore 
of each snail is trans- 
ferred to the recepta- 
culum of the other. 

The large eggs are laid 
in the earth in June 
and July. Each is sur- 


Fig. 212. — Diagram of laiva of rounded by gelatinous 
After Erlanger material acquired in the 


El , Ectoderm; En , endoderm , r» , \elum, 
with cilia , iT 1 gut-cavity , S c , segmenta- 
tion cavity, 4 ccelom pocket from gut; 

, blastopore groove closed, evcept at 
i>i , which becomes the anus The origin 
of the mesoderm from a gut-pocket has as 
yet only been described in Paiudina among 
Mollusca 


oviduct and by an elastic 
but calcareous shell. 

Segmentation is total 
but slightly unequal. As 
the snail is a terrestrial 


Gasteropod, there is no 
trochosphere larva, nor more than a slight hint of the char- 
acteristic Molluscan velum. A miniature adult is hatched 
in about three weeks. The study of development may be 
more profitably followed in the pond-snail LimncBus^ where 
gastrula, trochosphere, and veliger can be readily seen. 


Second Type of Mollusca. The Fresh-water Mussel 
{Anodo?ita cygnea), one of the Lamellibranchiata 

Habit. — The fresh-water mussel lives in rivers and ponds. 
It lies with Its head end buried in the mud, or moves 
slowly along by means of its ploughshare-like foot. Its food 
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consists of minute plants and animals, which are wafted m 
at the posterior end by the cuirents produced by the cili- 
ated gills. What is noted here in regard to Anodonta will 
also apply, for the most part, to Umo and other fresh-water 
mussels. 

External appearance. — The bivalve is 4 to 6 in. long ; 
Its valves are equal and united in a dorsal hinge by an 
elastic ligament, an uncalcified part of the shell , on the 
ventral surface when the valves gape the foot protrudes , the 
anterior end is rounded, the posterior end is more pointed, 
and it IS there that the water currents flow in (ventrally) 
and out (dorsally). In bivalves the ligament is generally 
posterior to the dorsal knob or umbo — the oldest part of the 
shell — and the umbo generally points towards the anterior 
end The greenish brown soft (‘‘horny”) layer of the shell 
IS often worn away near the umbo on each side, and then 
displays the median layer of lime. This is called prismatic, 
since the lime salts are deposited m prisms, transversely 
varicose or striated, like those which form the enamel 
of our teeth. Internally there is a pearly layer Lines 
of growth on the shell mark the position of the margin 
in former years, the newest part being obviously at the 
edge. 

The shell is a cuticular structure, t.e, it is made by the 
epiderfnis of the mantle. It consists, as in the snail, of 
calcium carbonate plus conchiolin or conchin. Thus the 
composition of a Pmna shell is : — Lime salts, 89 ’2 ; organic 
matrix, i 3 , water, 9*5. 

Internal appearance. — When the right half of the shell 
is folded back, the anterior and posterior closing muscles 
having been carefully cut close to the gently raised valve, 
the mantle folds are seen lining the shell, and forming 
posteriorly the ventral inhalant and dorsal exhalant lips. 
The ventral lips have papillary processes. Internal to the 
mantle there are two gill-plates on each side; projecting 
from between these is the foot, muscular ventrally, softer 
dorsally , the median dorsal pericardium is just beneath the 
ligament; the ventricle shines through its walls, and the 
dark- coloured kidneys are seen through its floor Below 
the anterior adductor muscle is the large mouth, bordered 
beneath by two lip processes (labial palps) on each side. 



Fig. 213. — The fresh- watei mussel i^Unzo). 

The uppermost figure represents the bivalve in motion m the mud 
u ith protruded foot (AV) ; note inhalant and exhalant apertures 
1 he middle figure shows the inside of the shell (left valve) The 
louver figure shows the outside (right valve) tt. , The umbo 
z- , the ligament , c f ^ lateral teeth , a a , anterior adductor 
mark ^ a r , mark of protractor of the foot , / / , pallial line 
a posterior adductor mark , r , mark of posterioi retractor 
^ ^ growth , A , anterior (the blunter 

end; , A* , posterior ; F , ventral 
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These resemble the gills in appearance, and are probably 
modified portions of the gills The anus is above the 
posterior closing muscle The whole space between the 
two mantle flaps is called the mantle cavity, and it is divided 
by a slight partition at the bases of the gills into a large 
ventral infra-branchial chamber and a small dorsal supra- 
branchial chamber which ends at the exhalant orifice. 

On the suiface of the valves of the shell a few small 
pearls may be seen, they are formed by the enclosure of 
some minute grains of sand in the prismatic layer There 
are two teeth in front of the umbo in Unw, but not in 
Anodonta. The following muscles are inserted on the shell, 
and leave impressions • — 

{a) The anteiioi adductor. 

(d) The posterior adductor. 

(6) The anterior letiactorof the foot continues with {a). 

[d) The protiactoi of the foot a little below {a) 

(e) The posterior retractor of the foot continues with (^). 

As the shell glows, the inseition of the muscles and the attachment of 
the mantle change, and the traces of this shifting are visible. 

Skin. — There is much ciliated epithelium about Anodonta^ 
especially on the internal surface of the mantle, on the gills, 
and on the labial palps ; and little pieces cut from an 
animal incompletely dead (e.g. from the oyster swallowed 
half-alive) have by means of their cilia a slight power of 
motion. The skin of the foot is not ciliated but glandular ; 
on the mantle edge sensitive and glandular cells are abund- 
ant, but usually in inverse ratio to one another. 

Muscular system. — The shell is closed and kept closed 
by the action of the two adductor muscles. When these 
are relaxed under nervous control, the elasticity of the hinge 
ligament opens the valves. The foot is a muscular protru- 
sion of the ventral surface, under the control of three 
muscles — a retractor and a protractor anteriorly, and a 
• posterior retractor. Its upper portion contains some coils 
of gut and the reproductive organs , its lower region is very 
muscular. The protrusion or extension of this locomotor 
organ is mainly due to an inflow of blood, which is pre- 
vented from returning by the contraction of a sphincter 
muscle round the veins. In moving, the animal literally 
ploughs its way along the bottom of the pond or nver pool, 
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and leaves a furrow in its track The muscle fibres, as in 
the snail, are mainly of the slowly contracting non-striped 
sort, but those of the adductor and of the heart show 
oblique cross-stnping. In that part of the adductor muscle 
of Pecten (and some other bivalves) that effects the rapid 
closing of the valves, and hence the swimming, the muscle- 
fibres are transversely cross-striped, and the same is true of 
those found m the margin of the mobile mantle. There is 
here therefore a good instance of the connection between 
striation and rapidity of contraction and relaxation. 

Kervous system. — There are three pairs of nerve- 
centres — 

(a) Cerehro-pIeinM ganglia^ lying above the mouth on 
each side on the tendon of the anterior retractor 
of the foot, connected to one another by a 
commissure, connected to the two other pairs 
of ganglia {b) and {c\ by long paired connect- 
ives, and giving off some nerves to mantle, 
palps, etc. 

(/?) Pedal ga?iglia, lying close together about the 
middle of the foot, united by connectives to {a), 
giving off nerves to the foot, and having beside 
them two small ear-sacs, each with a calcareous 
otolith, and with a nerve said to be derived 
from the cerebral ganglion. 

(c) Visceral ganglia (also called parieto-splanchnic or 
osphradial), lying below the posterior adductor, 
connected to (^z) by two long connectives, and 
giving off nerves to mantle, muscles, etc., and 
to a patch of ‘‘smelling cells” {psphradium) at 
the bases of the gills. 

Sense organs. — Unlike not a few bivalves, which have 
hundreds of “eyes” on the mantle margin, Anodonta has 
no trace of any. The ear-sac, originally derived from a skin- 
pit, is sunk deeply within the foot, and is of doubtful use. * 
The “smelling patch” or osphraduwP^ at the base of the 
gills has perhaps water-testing qualities. There are also 
“tactile” cells about the mantle, labial palps, etc. 

Alimentary system.— The mouth lies between the 
anterior adductor and the foot, and beside it lie the ciliated, 
vascular, and sensitive labial palps, two on each side, which 
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waft food into the mouth It opens immediately into the 
gullet, for the pharynx of other Molluscs, with all its 
associated structures, is absent in Lamellibranchs. The 
short wide gullet leads into a large stomach surrounded by 
a paired digestive gland. Part of the food digested by 



a a , Anterior adductor , c if g ^ cerebro-pleural ganglia ; st , 
stomach , v \ entricle, with an auricle opening into it , , 

kidney, above which is the posterior retractor of the foot , 
r , rectum ending above posterior adductor , zf.g , visceral 
ganglia with connectives (in black) from cerebro-pleurals , g , 
gut coiling in foot , / ^ , pedal ganglia in foot, where also are 
seen branches of the anterior aorta and the reproductive organs ; 
I i , labial palps behind mouth At the posterior end the ex- 
halant (upper) and inhalant (lower) apertures are seen 


these juices m the stomach is compacted in autumn into a 
“ crystalline style — amass of reserve foodstuffs, and similar 
but less solid material is found in the intestine. On this 
supply the mussel tides over the winter. The intestine, 
which has in part a folded wall like that of the earthworm, 
coils about in the foot, ascends to the pericardium, passes 
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through the ventricle of the heart, and ends above the 
posterior adductor at the exhalant orifice 

Vascular system, — The heart lies in the middle line on 
the dorsal surface, within a portion of the body cavity called 
the pericardium, and consists of a muscular ventricle which 
has grown round the gut and drives blood to the body, 
and of tw^o transparent auricles — one on each side of the 
ventricle— which receive blood returning from the gills and 
mantle. In bivalves the heart-beats aveiage about twenty 
per minute, much less than in Gasteropods. The colour- 
less blood passes from the ventricle by an anterior and a 
posterior artery , flows into ill-defined channels , is collected 
in a “vena cava” beneath the floor of the pericardium, 
passes thence through the kidneys, where it loses nitrogenous 
waste, to the gills, where it loses carbonic acid and gams 
oxygen; and returns finally by the auricles to the ventricle. 
The blood from the mantle, however, returns directly to the 
auricles without passing through kidneys or gills, but 
probably freed from its waste none the less The so-called 
“ organ of Keber ” consists of “ pericardial glands ” on the 
epithelium of the pericardial cavity They seem to be 
connected with excretion. Many of the cells lining the 
blood channels secrete glycogen, the principal product of 
the Vertebrate liver. 

Eespiratory system. — Lying betw^een the mantle flaps 
and the foot there are on each side two large gill-plates, 
whence the title Lamellibranch They are richly ciliated ; 
their internal structure is like complex trellis-work , their 
cavities communicate with the supra-branchial chamber. 
As in many other Molluscs, the gills or ctenidia are not 
merely surfaces on which blood is purified by the washing 
water- currents (a respiratory function), but some of their 
many cilia waft food-particles to the mouth (a nutritive 
function), and in the females the outer gill-plate shelters 
and nourishes the young larvae (a reproductive function). 
The water may pass through the gills to the supra-branchial 
chamber and thence out again, or over the gills to the 
mouth, and thence into the supra-branchial chamber It is 
likely that the mantle has no small share in the respiration. 
In many cases, e,g Liitraria elhpiica^ the posterior end of 
the mantle gives origin to a contractile respiratory siphon, a 
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double tube, the upper half of which is expiratory and the 
lower half inspiratory. A cross-section shows a cuticular 
investment of conchin, a layer of epidermis, a narrow zone 
of circular muscle-fibres, a thick zone of longitudinal muscle- 
fibres, a narrow zone of circular muscle-fibres, an internal 
epithelium, and the two canals. The white circular muscle- 
fibres are unstriped, the longitudinal muscle-fibres, which 
are greyish yellow, show a lozenge-shaped marking as in the 
more opaque fibres of the adductor muscles. 

The precise structure and attachment of the gill-plates is complex, 
but it IS important to understand the following facts —{a) A cross 
section of the two gill-plates on one side has the form of a W, one half 
of which IS the outer, the othei the inner gill-plate , {b] each of these 
gill -plates consists of a united series of gill filaments, which descend 
from the centre of the W and then bend up again , (t) adjacent fila- 
ments are bound together by fusions and badges both horizontal and 
vertical, so that each gill-plate becomes like a complex piece of basket 
work , {d) both gill-plates begin by the downward growth of filaments 
from a longitudinal ’‘ctemdial axis,” the position of which on cross- 
section is at the median apex of the W , [e] this mode of ougin, and the 
much less complex gills of other bivalves, lead one to believe that there 
is on each side one gill consisting of two gill-plates formed from a series 
of united and reflected gill filaments On the gills there are often 
parasitic mites ( Umomcola or Atax ypstlophorus) 

Excretory system. — The paired kidney, which used to 
be called the “ organ of Bojanus,” lies beneath the floor of 
the pericardium. Each half is a nephridium bent upon 
itself, with the loop posterior, the two ends anterior. The 
lower part of this bent tube is the true kidney ; it is dark 
in colour, spongy in texture, and excretes guanin and other 
nitrogenous waste from the blood which passes through it. 
It has an internal opening into the pericardium, which thus 
communicates indirectly with the exterior. The upper part 
of the bent tube, lying next the floor of the pericardium, 
is merely a ureter. It conveys waste products from the 
glandular part to the exterior, and opens anteriorly just 
under the place where the inner gill-plate is attached to the 
visceral mass. As already mentioned, the “pericardial 
glands ” probably aid in excretion, and possibly the same 
may be said of the mantle. 

The reproductive organs, — These he in the upper part 
of the foot, adjacent to the digestive gland. Ovaries and 
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testes occur in different animals, and the two sexes are 
distinguishable, though not very distinctly, by the greater 
whiteness of the testes and by slight differences in the shells. 
The females are easily known when the larvae begin to 
accumulate in crowds in the outer gill-plates The repro- 
ductive organs are branched and large; there are no 
accessory structures ; the genital aperture lies on each side 
under that of the ureter 

The ova pass from the ovaries in the foot, and appear to 
be moved to the exhalant region, whence, however, they do 
not escape, but are crowded backward till they pass into 
the cavity of the outer gill-plate. At some stage they are 
fertilised by spermatozoa drawn in by the water currents, 
though it IS difficult to believe that this is entirely a matter 
of chance Development takes place within the external 
gill-plate, and the larvae feed for some time on mucus 
secreted by the gill. 

Development and life history.— The development of A??odonia 
differs in certain details from that of most bivalves, perhaps m adapta- 
tion to fresh-watei conditions hloieover, a temporary parasitism of 
the larva has complicated the later stages 

The egg-cell is surrounded by a vitelline membrane, and attached to 
the wall of the ovary by a minute stalk, the insertion of which is marked 
on the liberated ovum by an aperture or micropyle, through which the 
spermatozoon enters. 

Segmentation is total but unequal. A number of small clear yolkless 
cells are rapidly divided off from a large yolk-con taming poition, which 
is slower in dividing Eventually a hollow ball of cells or blastosphere 
results (Fig 215) 

On the posterior dorsal legion a number of large opaque cells form 
an internally conv ex plate, — the beginning of the future shell-sac A 
pair of large cells are intruded into the central cavity, and begin the 
mesoderm 

On the under surface posteriorly there is a slight protrusion of ciliated 
cells forming a ciliated disc. In front of this, ar an unusually late stage, 
an invagination establishes the archenteron, and the embr>o becomes a 
gastrula (see Fig. 215). 

The shell-sac forms an embryonic shell, and many of the mesoderm 
cells combine m an adductor muscle. The mouth of the gastrula closes, 
and a definite mouth is subsequently foimed by an ectodermic invagina- 
tion Gradually a larva peculiar to ffesh-water mussels, and known as 
a Glochidium, is built up. 

The Glochidium has two triangular, delicate, and porous shell valves, 
each with a spiny incurved tooth on its free edge. The valves clap 
together by the action of the adductor muscle The mantle lobes are 
very small, and their margins bear on each side three or four patches of 
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sensoiy cells The foot is not yet developed, but fiom the position 
which It will afteiwaids occupy^ theie hang long attaching thieads of 
byssus,” which moor the laiva If it manage to anchoi itself on the 
tail, fins, or gills of a fish, the Glochidium shuts its valves and fixes 
itself moie secuiely, and is soon suiiounded by a pathological Q■to^\th of 
Its host’s skin ^ 

In this paiasitic stage a lemarkable metamoiphosis occurs The 
sensory or tactile patches not unnaturally disappear; the ‘Gn^sus’’ 





Fig. 215. — Development of Anodotita, — After Goette. 

1 Section of blastosphere j d , Shell gland , c d., ciliated disc , t , 

beginning of ectodei mic invagination. Note nxe-,oderia cells in 
the cavity 

2 Later stage m , Mesoderm 

3 Embryonic shell has appeared 

4 Glochidium larva , note byssus threads, and teeth on shell 

valves 


and the embryonic ‘‘byssus glands” vanish, but a true byssus gland 
(which remains quite rudimentary in Anodonta) appears , the single 
adductor atrophies, and is replaced by two ; the foot and the gills 
make then appearance; the embryonic mantle lobes increase greatly, 
or are replaced by fresh growths ; and the permanent shell begins to be 
made 

After this metamorphosis, when the larva has virtually become a 
rainiatuie adult, no longer so liable to be swept away, it (hops from its 
temporary host to the bottom of the pond or river pool. 

26 
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Third Type of Mollusca. The Common Cuttlefish 

[Sefza officinaUs\ one of the Dibranchiate Cephalopods 

Habits. —This common cuttlefish is widely distributed, 
especially in warmer seas like the Mediterranean. Unlike 
Octopus, which usually lurks passively, Septa is an active 
swimmer, it moves head foremost by working the fins 
w^hich fringe the body, or it jerks itself energetically back- 
wards by the outgush of water through the funnel. It likes 
the light, and is sometimes attracted by lanterns. The 
beautiful colours change according to external conditions 
and internal emotions , and a plentiful discharge of ink 



often covers its retreat fiom an enemy. Its food includes 
fish, other molluscs, and crabs In spring the female 
attaches her encapsuled eggs to seaweeds and other 
objects, and often comes fatally near the shore in so doing. 
The cuttles are caught for food and bait The “cuttle 
bone” and the pigment of the ink-bag are sometimes 
utilised by man. 

External appearance . — K large Septa measures about 
lo m. in length and 4 to 5 in breadth, the body, fringed 
by a fin, is shaped like a shield, the broad end of which 
bears a narrowed head, with eight short and two long 
sucker-bearing arms Besides the diffuse pigment cells, 
there are bands across the “back.” The large eyes, the 
parrot-beak-like jaws protruding from the mouth, the spout- 
like funnel on the neck, and the mantle cavity, are con- 
spicuous. Beside the eyes are the small olfactory pits , 
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within the mantle cavity lie the anus and the openings of 
the nephridia and genital duct. 

The true orientation of the different regions in Sepia is 
not obvious. If the ‘"arms’" surrounding the mouth be 
divided portions of the anterior part of the “foot,'" the 
ve7itral surface is that on which the animal rests when we 
make it stand on its head. We can fancy how the “ foot ” 
of a snail might grow forward and surround the mouth, so 
as to bring that into the middle of the sole. Then the 
visceral mass has been elongated in an oblique dorso- 
posterior direction, so that the tip of the shield, directed 
forward when the cuttle jerks itself away from us, represents 
m anatomical strictness the dorsal surface tilted backwards. 
(As above noticed, the animal may also swim with foot and 
mouth in front ) The side of lighter colour, marked by the 
mantle cavity and the siphon or funnel, is posterior and 
slightly ventral ; the banded and more convex side, on which 
the cerebral ganglia lie in the head region, and on which 
the shell lies concealed in the visceral region, is anterior 
and slightly dorsal. 

Skin, — There are numeious actively changeful pigment 
cells or chromatophores lying in the connective tissue 
beneath the epidermis. Each cell is expanded by the 
contraction of muscular cells which radiate from it, and 
contracts when these relax. It is probable that these 
chromatophore cells have some protoplasmic spontaneity 
of their own, but the controlling muscular elements are 
also affected by nervous impulses from the central ganglia. 
As the cells dilate or contract, the pigment is diffused or 
concentrated, and the colours change. The animal’s beauty 
is further enhanced by numerous “ iridocysts ” or modified 
connective tissue cells, with fine markings which cause 
iridescence 

Muscular system. — The cuttlefish is very muscular, 
notably about the arms, the mantle flap, and the jaws. 
Many of the muscles show double oblique striping. The 
animal seizes its prey by throwing out its two long arms, 
which are often entirely retracted within pouches. With 
great force it jerks itself backwards by contracting the 
mantle cavity, and making the water gush out through the 
pedal funnel. This mode of locomotion is very quaint. 
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At one time the mantle cavity is wide, and you can thrust 
your fingeis into its gape; when about to contract, this 
gape is closed by a strange double hook-and-eye arrange- 
ment ; contraction occurs, and the water, no longer free to 
leave as it entered, gushes out by the funnel, the base of 
which is within the mantle cavity. The suckers on the 
arms are muscular cups, borne on little stalks (unstalked 
in Octopus^ etc ), well innervated, and able to grip 

with a tenacity which in 
giantcuttlefishis dangerous 
even to men. The inner 
edge of the cup margin is 
supported by a chitmoid 
ring bearing small teeth 
Each cup acts as a sucker, 
in a fashion which has 
many analogues, for a 
retractor muscle increases 
the size of the cavity 
after the margin has been 
applied to some object. 
The external pressure is 
then greater than that 
within the cup, and the 
little teeth keep the attach- 
ment from slipping. 

It seems likely that the 
arms represent a pro- 
podium, and the siphon 
a mesopodium, and a 
Fig. 217 — External appearance of valve within the siphon 
a cuttlefish {Lohgo) has been compared to a 

metapodium. 

Skeletal system. — An internal skeleton is represented by 
supporting cartilaginous plates in various parts of the body, 
especially — {a) in the head, round about the brain, arching 
over the eyes, enclosmg the “ ears ” , (b) at the bases of the 
arms , {c) as a crescent on the neck , {d) at the hook-and- 
eye arrangement of the mantle flap , {e) along the fringing 
fins. Ramified “stellate” cells he in the structureless 
tiansparent matrix of the cartilage. 
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On the shore one often finds the “ cuttle bone or sepio- 
staiie, which is bometimes given to cage birds to peck at 
foi lime, or used for polishing and other purposes. It lies 
on the dorsal side of the animal, covered over by the mantle 
sac In outline it is somewhat ellipsoidal, thinned at the 
edges like a flint axe-head, and with curved markings w^hich 
indicate lines of growth In the very young Sepia it con- 
sists wholly of the organic basis conchiolin, but to this hme 
is added from the walls of the sac. Between the plates 
of lime there is gas, and though the structure may give 
the cuttle some stability, it is probably of more use as a 
float. 

Internal appearance. —When the mantle flap is cut open 
and reflected, the two plume-like gills are seen, and the 
lower end of the siphon The dark outline of the mk-bag, 
followed along towards the head, leads our eyes to the end 
of the food canal. Near this are the external apertures of 
the two kidneys and of the genital duct. On each side of 
the base of the funnel lies a very large and unmistakable 
“ stellate ” ganglion Removing the skin as carefully as 
possible over the whole visceral region between the gills, 
and taking precautions not to burst the ink-sac, we see the 
median heart, the saccular kidneys, contractile structures or 
branchial hearts at the base of each gill, and the essential 
reproductive organs near the apex of the visceral mass. 
Disturbing the arrangement of these organs, w^e can follow 
the food canal, with its stomach, digestive gland, etc 

Nervous system. — Three pairs of ganglia surround the 
gullet, — cerebral on the dorsal and anterior side, pedal and 
pleuro-visceral on the ventral and posterior side (Fig 218), 
but lying so close together that their boundaries are defined 
with difficulty. All are well protected by the investing 
cartilages. 

The cerebial ganglia are three-lobed, and are connected antenorl> by 
two commissures with a “supi a- pharyngeal” ganglion, which gives off 
nerves to the mouth and lips, and is connected also with an “ infra- 
pharyngeal” ganglion. The cerebral ganglia are also connected by 
short double commissures with the pedals and pleuro-visceials on the 
ventral side of the gullet The pedal ganglia at each side are in part 
divided into two, — one half forming the biachial ganglion which sends 
nerves to the arms, the other the infundibular which supplies the 
funnel 
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The following chief neives anse fiom the central system * — 

(1) The veiy thick optic ner\es are given off from the commissures 

between ceiebials and pleuro-visceials, and lead to a large 
optic ganglion at the base of each e}e. 

(2) Ten nerves to the “ aims” aie given off b) the pedal ganglion, 

and this is one of the reasons which have led most morph- 
ologists to regard these arms as poitions of the “foot.” 

(3) Tw^o large ner\es from the more ventral portion of the pleuro- 

wsceial ganglia foim a visceral loop, and give oft many 
branches to the gills and other oigans From the pleuial 
poition anse two mantle neives, each of which ends in a 
large stellate ganglion. 

Sense organs. — The e}es are large and efficient They piesent a 
striking lesemblance to those of Vertebrates, and, as they aie not “ brain 
eyes,” they illustiate how superficially similai structures may be 
developed m different ways and in divergent gioups In cuttlefishes 
the eyes he on the sides of the head, protected in part by the cartilage 
surrounding the brain, and in part by caitilages on their own walls 

The eye is a sensitive cup arising in great part from the skin. Its 
internal lining is a complex retina, on the posterior surface of which the 
nerv^es from the optic ganglion aie distributed. It seems likely that the 
Cephalopod retina coi responds only to the lods and cones (the sensoiy 
pait) of the A^eitebrate retina. In the cavity of the cup there is a clear 
vitreous humour. 

The mouth of the cup is closed by a lens, supported by a “ciliaiy 
body ” The lens seems to be formed in two parts — an outei and an 
inner plano-convex lens The pupil in fiont of it is fringed by a con- 
tractile ms. 

The outei wall of the optic cup is ensheathed by a strong supporting 
layer — the scleiutic, which is in part strengthened by cartilage, coveied 
by a silvery membrane, and continued into the iris 

In front of the eye there is a transparent cornea, and the skin also 
forms protecting lids. 

Round about the optic ganglion there is a strange “wFite body,” 
which seems to be a fatty cushion on which the eye lests 

The two ear-sacs, containing a spherical otolith and a fluid, sometimes 
with calcareous particles, aie enclosed m part of the head cartilage, 
close to the pedal ganglia. The nerves seem to come fiom the pedals, 
but it IS said that their fibres can be traced up to the ceiebrals 

A ciliated “ olfactory sac ” lies behind each eye, and is innervated 
from a special ganglion near the optic Theie are no osphradia of the 
usual type. 

Finally, there are tactile or otherwise sensitive cells on vaiious paits 
of the body, especially about the aims. 

Apart from sight altogethei, an octopus can find a dead fish at a 
distance of over a yard in a few minutes, and even slight movements m 
the water are cjetected. 

In man} TOcupods there are luminous organs, usually on the ventral 
surface in diveise positions, and often buried. They may serve as 
recognition-marks or as search-lights. They may be glandular or 
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non-glandulai, and those of the second type are often somewhat 
eye-hke, with pigment la}ei5 reflectoi, lens, and diaphragm, or with 
some of these stuictuies 

Alimentary system. — The cuttlefish eats food which 
requires tearing and chewing, and this is effected by the 
chitinous jaws worked by strong muscles, and by the 
toothed radula moving on a muscular cushion. The mouth 
lies m the midst of the arms, bordered by a circular lip, and 
opens into a large pharynx or 
buccal cavity (cf. the snail). The 
narrow gullet passes through the 
ganglionic mass, and leads into 
the globular stomach, lying near 
the dorsal end of the body. The 
stomach is followed by a csecum 
or pyloric sac, and the intestine 
curves headwards again, to end 
far forward in the mantle cavity. 

There do not seem to be any 
glands on the walls of the food 
canal; the stomach has a hard 
cuticle , the digestion which takes 
place there must therefore be 
due to the digestive juices of the 
glandular annexes. Of these the 
most important is usually called 
the liver; it is bilobed, and lies 
in front of the stomach, attached 
to the oesophagus. Its two ducts 
conduct the digestive juice to 
the region where the stomach, 

pyloric sac,” and intestine 
meet , and these ducts are 
fringed by numerous vascular 
and glandular appendages, which 
are called “pancreatic,” and arise from the wall of the 
unpaired portion of the nephridia. Far forward, in front 
of the large digestive gland, lie two small white glands 
on each side of the gullet, with ducts which open into the 
mouth (cf, the “ salivary glands ” of the snail). A diastatic 
ferment has been proved in the salivary secretion of 



Fig 21S — Diagram of the 
structure of Sepm — Mamly 
after Pelseneer. 

a , Eight short arms around mouth . 
La , one of the two long arms , 
fi , beak of the mouth ; , cere- 

bral ganglia, with commissures 
to the others , M , e>e ; g; , 
gullet d g ^ digestive gland (the 
“t.ali\ary glands” are not repre- 
sented) , U , stomach , a , anus , 
sk , shell-sac with sepiostaire , 
, kidney ; 7? , reproductive 
organ , h A., branchial heart , 
g , a gill z A , ink-bag , vz c , 
mantle cavity, T, funnel 
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Cephalopods, but that of Octopus has a poisonous, paralys- 
ing effect on the crabs, etc , which are bitten, and also a 
peptonising action At the other end of the food canal, 
the ink-sac, full of black pigment, piobably of the nature 
of waste products, opens into the lectum close to the anus. 
This ink-sac is a much enlarged anal gland; for, while 
most of the bag is made of connective tissue and some 
muscle fibres, a distinct gland is constricted off at the 
closed end, and the neck is also glandular. Beside the 
anus are two pointed papillae. 

Vascular system. — The blood of Sepia is bluish, owing 
to the presence of haemocyamn in the serum ; the blood 
cells are colourless and amceboid The median but some- 
what oblique ventricle of the heart drives the blood forward 
and backward to all parts of the body. It reaches the 
tissues by capillaries, and apparently also by lacunar spaces. 
The venous blood of the head region is collected in an 
annular sinus round the basis of the arms, and passes 
towards the heart by a large vena cava, which divides into 
two branchial veins, covered by spongy outgrowths of the 
nephridia. Joined by other vessels from the apical region 
of the viscera, each branchial vein enters a “branchial 
heart” at the base of each gill. The branchial heart is 
contractile, and drives the venous blood through the gills, 
whence, purified, it returns by two contractile auricles into 
the ventricle. There are valves preventing back-flow from 
the ventricle to the auricles, or from the arteries to the 
ventricle. Beside each branchial heart lies an enigmatical 
glandular structure known as a “ pericardial gland,” possibly 
an excretory or mcipiently excretory organ. The course 
of the blood differs from that in the mussel and snail 
in this, that none returns to the heart except from the 
respiratory organs In the nephridial outgrowths around 
the bianchial veins the interesting parasite Dicyeina is found. 

Eespiratory system. — The blood is purified by being 
exposed on the t’wo feather-like gills which are attached 
within the water-washed mantle cavity. The water pene- 
trates them very thoroughly, the course of the blood is 
intricate. At the base of the gills there is some glandular 
tissue, which those impatient with enigmas have credited 
with blood-making powers. 
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Excretory system. — The excietoij s} stem is difficult to dissect and 
to explain On each side of the anus theie is a little papilla, thiough 
wnich uric acid and other waste products ooze out into the mantle 
cavity, and so into the water xV bristle inserted into eithei of these 
two papillre leads into a laige sac— the nephridial sac But the tv\o 
sacs are united h} two budges, and the} give off an unpaired dorsal 
elongation, which extends as fai back as the repioductive organs. 

The doisal wall of each nephridial sac becomes intimately associated 
with the branchial veins, and follows their outlines faithfully. It is 
likely that w^aste mateiial passes fiom the blood through the spong} 
appendices into the nephridial sacs 



Fig. 219 — Diagram of circulatory and excietory systems 
in a Decapod-like Sepia . — After Pelseneei 

I, Gill , 2, renal sac ; 3, afferent branchial vessel , 4, branchial heart , 

5, abdominal vein, 6, heart, 7, viscero-pencardial sac (body 
cavity), 8, genital organ , g, posterior aorta, 10, “auricle” , ii, 
glandular appendix of branchial heart , 12, renal appendices of 
branchial vein , 13, external aperture of kidney, 14, vena cava, 

15, anterior aorta , 16, bifurcation of vena cava , 17, reno-pericardial 
aperture 

Into the terminal portion of each nephiidial sac, a little below its 
aperture at the urinary papilla, there opens by a ciliated funnel another 
sac, which is virtually the body cavity. It surrounds the heart and 
other organs, and is often called the viscero-pericardial cavity 
Through the kidneys or nephridial sacs it is in communication with the 
exterior Associated with the branchial hearts there aie numerous 
diminutive cells which contain ammoniacal salts, phosphates, pigment, 
etc , these waste products are probably passed into the blood and got 
rid oft by the kidneys, just as, in a Vertebrate, the urea formed in the 
liver passes by the blood to the kidneys In Invertebrates there 
is often this co-operation between “closed kidneys” and “open 
kidneys.” 
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Eeproductive system. — The sexes are separate, but there 
IS not much external difference between them, though the 
males are usually smaller, less rounded dorsally, and have 
slightly longer arms When mature, the male is easily 
known by a strange modification on his fifth left arm. The 
essential reproductive organs are unpaired, and he in the 
body cavity towards the apex of the visceral mass. 

The testis — an oval yellowish organ — lies freely in a peritoneal sac, 
neai the apex of the visceial mass From this sac the spermatozoa pass 
along a closely twisted duct — the ^.as deferens This expands into a 
twofold “ seminal vesicle,” and gives off two blind outgrowths, of which 
one IS called the “ prostate ” The physiological interest of these parts 
is that within them the speimatozoa begin to be arranged in packets. 
In this form they are found within the next region, the spermatophore 
sac, w hich opens to the exterior to the left of the anus Each speimato- 
phore IS like an automatically explosive 
bomb , within the transparent shell 
there lies a bag of spermatozoa, and a 
complex spiing-liLe arrangement Even 
on the scalpel or slide these strange but 
efficient bombs will explode. The 
libeiated speimatozoa are of the usual 
type. 

The ovaiy — a large, rounded white 
organ — lies freely in a peritoneal sac 
near the apex of the visceral mass 
From this sac the eggs pass along a 
short direct oviduct, wffiich opens into 
the mantle cavity to the left of the anus. 
Associated with the oviduct, and pouring 
viscid secretion into it, are two large 
“mdamental glands,” of foliated struc- 
ture. Close beside these are accessory 
glands, of a reddish oi yellowish colour, 
with a median and two lateral lobes , 
while at the veiy end of the oviduct aie 
two more glands. All seem to contribute 
to the external equipment of the egg 
The spermatophoies pass from the 
genital duct of the male to the fifth 
left arm, which becomes covered 
with them and quaintly modified 
This modification of one of the aims 
is usual among cuttlefish , indeed, 
Fig. 220 — Male of Argo- in some, eg. Argonauta and 
nauta (after Jatta), show- octopus, the modified arm, with its 
ing ‘‘hectocotylus” arm; load of spermatozoa, is discharged 
compare Fig. 9 of female bodily into the mantle cavity of the 
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female There its discoveiers described it as a parasitic woim, 
Hectocotyhts'^'* The lost arm is aftei wards regenerated. In Sepia, 
howevei, the modified arm is not discharged, but is simply thiust into 
the mantle cavit} of the female. The speimatophores piobabiy enter 
the oviduct, and buist there 



Fig. 221. — Bunch of Sepia eggs attached to plant. — After Jatta 

The eggs, when laid, are enclosed within separate black capsules 
containing gelatinous stuff, but the stalks of the capsules are united, so 
that a bunch of “ sea-grapes ’’ results. 


General Notes on Molluscs - 

From the description of these three types a general idea 
of the structure of Mollusca may be obtained, but it should 
be noted — (i) that all the three types are specialised, (2) 
that two small classes, the Solenogastres and the Scaphopoda, 
are unrepresented in the descriptions , (3) that in the three 
classes to which the types belong there is much diversity 
of structure, this being especially true of the large and 
heterogeneous class of Gasteropoda, 

In surveying the structure of the whole group, it is con- 
venient to begin with the most striking of the external 
characters — the absence or presence of a well-developed 
head region. 

In the Lamelhbranchs or Pelecypoda the head is absent, 
and along with it the tentacles, the radula, and the 
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pharynx with all its associated structures Elsewhere a head 
region, usually furnished with tentacles and eyes, and con- 
taining within It a pharynx and radula, is always piesent 
Best developed in Gasteropods and Cephalopods, the head 
region may elsewhere be represented, as in Dentaliimi^ 
merely by a buccal tube fringed with tentacles. Apart from 
Lamellibranchs, the radula is characteristic and, with few^ 
exceptions, universal 

Almost as important is the condition of the characteristic 
Molluscan foot. Primitively this had the form of a ventral 
creeping sole, as shown, for example, in its simplest 



Fig. 222. — Common buckie {B2iLCznHm nndatitni) 

£',£36, j , respiratory siphon , o , operculum , f foot 


condition, in Chiton (Fig. 228). This condition is retained 
in many Gasteropods, and in the simplest Lamellibranchs, 
like Soleno/nya. In most Lamellibranchs, however, in 
adaptation to a more or less passive life in the sand, the 
foot became wedge-shaped, and the characteristic byssus 
gland, which secretes attaching threads, is developed In 
the Cephalopods the foot became greatly modified, and m 
those related to Sepia a portion of it is specialised as the 
funnel — the mam organ of active locomotion That the 
condition of the foot cannot m itself be employed as a basis 
of classification is, however, obvious, when its differences 
■within the limits of a class are considered Thus it is 
obsolete in the pelagic PhylhiLwe among Gasteropods, in 
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the sedentary oyster among Lamellibranchs , in the pelagic 
Pteropods part of it forms lateral wing-like lobes used in 
swimming, while in lanthina^ which has a similar habit, its 
chief use is to secrete a “float” to which the egg-capsules 
are attached. In various Lamellibranchs, and in Dentaliim^ 
it is modified as a conical boring organ. 

The mantle is another important Molluscan structure, 
and as it secretes the shell, the shape of the latter is of 
course determined by it. Primitively the mantle is repre- 
sented by a uniform downgrowth of skin from the dorsal 
surface, surrounding the ventral foot, and secreting a dorsal 
cap-shaped shell Such a simple condition occurs in the 
limpet. In the Lamellibranchs, with the lateral flattening 



Fig 223 — Bivahe {Panopaa f 207 veg 2 ca\ showing siphons 

c , Evhalant aperture , 7 , inhalant aperture 


of the body, the mantle becomes divided into right and left 
halves, and the shell becomes two-valved. In most Lamelli- 
branchs the mantle is prolonged into two tubes or siphons, 
through which the water of respiration enters and leaves the 
mantle cavity A similar but unpaired siphon is found in 
many Gasteropods. In Scaphopoda the mantle folds fuse 
ventrally to form a continuous tube. In most Gasteropods 
the mantle skirt is retained, and secretes a spiral shell, as 
well as enclosing a space in which the gills lie, in 
some, both mantle and shell are absent. In the snail 
and Its allies (Pulmonata), the mantle forms the 
pulmonary chamber, which opens to the exterior by a 
smalt aperture. In Cephalopoda the mantle skirt is well 
developed and muscular, and, besides sheltering the gills, is 
of much importance in locomotion. 
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Typically the Mollusca are bilaterally symmetrical 
animals, and this symmetry is marked in the Solenogastres, 
the Lamellibranchiata, and occurs to a less extent in the 
Cephalopoda (cf. the unpaired genital organs) In most 
Gasteropoda it is completely lost. This seems to be in 
some way associated with the dorsal displacement of the 
viscera in Gasteropods to form the (usually coiled) visceral 
hump. In Cephalopods there is a somewhat similar dis- 



FiG 224 — Nudibranch {Dendronoitts arboi^escens)^ showing 
dorsal outgrowths forming adaptive gills. 


placement in a postero-dorsal direction, in Lamellibranchs 
in a ventral direction, but in neither case is it so marked as 
in Gasteropods. 

The characters of the internal organs of Mollusca must 
be inferred from the description of the types, but the nature 
of the respiratory organs may be briefly noted. Typically, 
these consist of two feathery gills, or ctenidia, with an axis 
attached to the body and bearing a double row of lamellae. 
These are sheltered beneath the mantle, and bear at their 
bases two osphradia or smelling patches. Gills of this 
typical form occur in Cuttles {Nauiilus has four), in the 
simplest Gasteropods (but many other Gasteropods have a 
simple unpaired gill), and m the lowest Lamellibranchs 
{Solenomya^ Nuciila^ etc ). I'he respiratory organs in other 
Mollusca show much diversity when compared with this 
primitive type Thus the gills may be totally suppressed 
and the mantle may directly take on a respiratory function. 
This occurs in many marine Gasteropods, for example, in 
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the common limpet {Patella) (Fig. 225), as well as in 
terrestrial forms like the snail, w^here the mantle cavity 
forms the pulmonary chamber. Even in Lamellibranchs, 
where the gills are present in much modified form, it is 
probable that the mantle has much importance in respira- 
tion, the gills being perhaps of most importance in connec- 
tion with nutrition, and as brood-chambers. In those 
Gasteropods in which the gills are suppressed, there are 
often special respiratory organs (‘‘adaptive gills’’), such as 
the circle of plumes around the anus in Doris and its allies 
(Fig 224). The osphradia are 
absent in Cephalopods, except 
in Naiitihts^ and one at least 
is usually suppressed in Gas- 
teropods 

Shell. — Mollusc shells are 
very beautiful, alike in form 
and colour. They grow laiger 
by month and year, and mark 
their progress by rings of 
growth and changing tints. 

On the dorsal surface of almost 
every mollusc embryo there is 

a little shell-sac in which an ,, , , , 

embryomc shell, begun; the 

adult shell, however, begins on a ^nd Hanley. 

separate area of the skin, and it simple eyes at l»ase of tentacles, 

is always started and increased mouth, median foot, and vascular 

, ,, ,, T/*.! r margin of mantle replacing the 

by the mantle. If the increase of absent giiis 
the shell be carefully watched in 

young Molluscs, or if chemical analysis be made, it becomes 
plain that the shell is no mere deposition of carbonate of lime. 
Like other cuticular products, it has an organic basis (con- 
chiolin or conchin), along with which the lime is associated. 
There is a thin outer “horny” layer, a thick median 
“ prismatic ” stratum of lime, and an internal mother-of-pearl 
layer. 



Mr Inme’s experiments at Granton Marine Station suggest that the 
lime salt 01 iginally absorbed is not the carbonate (of which there is a 
scant supply in sea-water), but the sulphate (which is abundant), and 
that the internal transfonnation from sulphate to carbonate is perhaps 



4i6 


PBYL UM MOLL USCA 


associated with the diffuse decomposition of nitrogenous waste products. 
Thus caibonate of ammonia, which seems to occui abundantly in the 
mantle of perfectly fresh mussels, would, with calcium sulphate, }ield 
caibonate of lime and ammonium sulphate One cannot suppose that 
shell-making is expressible in a chemical reaction of this simplicity, but 
it is certain that Molluscs do not simply absorb carbonate of lime from 
the sea-water, and sweat it out from their skins It is reasonable to 
inquire how fai shell-making may express a piimitive mode of excretion 
to w'hich a secondary significance has come to be attached, and in w^hat 
way carbonate of lime shells are associated with preponderant sluggish- 
ness of habit. 

Larvae.- — In their life history most Molluscs pass through 
two larval stages. The first of these is a pear-shaped or 
barrel - shaped form, with a curved gut, and with a ring 
of cilia in front of the mouth. It is a “ trochosphere,” 
such as that occurring m the development of many 
“ worms ” 

Soon, however, the trochosphere grows into a yet more 
efficiently locomotor form — the veliger. Its head beais a 
ciliated area or “ velum,” often produced into retractile 
lobes, its body already sho-ws the beginning of “foot” and 
mantle ; on the dorsal surface lies the little embryonic shell 
gland (Fig. 206). 

But although trochosphere and veliger occur in the 
development of most forms, they do not m any of the 
three types which we have particularly described, — not in 
Anodonta^ partly because it is a fresh-water animal, with a 
peculiarly adhesive larva of its own , not in Hehx^ partly 
because it is terrestrial ; and not in Septa, partly because 
the eggs are rich in yolk. 


Classification of Mollusca 

Leaving aside the difficult Solenogastres, which may not be Molluscs 
at all, we may lank as lowest the Isopleura, bilaterally symmetiical 
Gasteiopods with many pnmiti\ e characters. Some of these forms, like 
CkifoUj are probably not far removed from the primitive Mollusca 
From primitive forms, related perhaps to Chiton^ Mollusca have 
diverged m two directions. In Gasteropoda, Scaphopoda, and 
Cephalopoda, the radula present in the primitive Isopleuia is 
letamed, and the head region becomes well developed, these three 
classes are therefore often placed togethei as Glossophora or Odonto- 
phora, m contrast to the Lamellibranchiata (Lipocephala or Acephala), 
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wheie the ladula has disappeaied, and the head region lemains un- 
developed As already seen, ho\ve\ei, the lowest Lamelhbianchs 
have a flattened creeping foot and simple feather} gills, in these respects 
resembling Gasteiopods There is also much leason to believe that the 
Scaphopoda aiose fiom a stem common to them and the lowest Gasteio- 
podsj which are central unspeciahsed forms. The Cephalopoda are 
the most highly specialised of all the Mollusca, and in their existing 
forms at least not neaily related to the other classes 


Class I. Gasteropoda 

Molluscs with a usually well-developed head region with 
te?itacles a7id odontophore The foot is usually a fiat fiiedian 
sole on which the animal creeps ^ it is often divided info pro-, 
meso~, and ineta-podium. Most are unsynimetrical, but there 
IS a primitive bilatei'al symmetry in Isopleura and a secondary 
superficial bilateral symmetry in some pelagic forms such as 
Heteropods The mantle or covermg of the visceral sac usually 
forms a well-marked fold or flap where the visceral sac joins 
the head and foot, and thus encloses a mantle cavity. In most 
cases the shell is a single piece , in Chitons there are eight 
pieces , in many cases the shell is rudimentary or absent. 
There is usually a trochosphere and veliger larva, except in 
terrestrial forms. 


Sub-class 1 . Gasteropoda Isopleura 

The Isopleura are marine Gasteropods, more or less elongated 
in form, with bilateral symmetry The symmetry is not only 
seen in the form of the body, but in the numerous ctenidia, the 
paired nephridia, auricles, and genital ducts. The shell con- 
sists of eight pieces. The mouth is anterior ^ the anal and 
nephridial apertures are posterior. The mantle, which bears 
cuticular spicules, covers at least a great part of the body. 
The nervous system consists of a cerebral commissure and 
two paired longitudinal cords {pedal and visceral), with 
ganglionic cells but at most very slightly developed ganglia, 
which run the whole length of the body. Of these paired cords 
the pedals are connected by numerous cross-commissures, and 
the viscerals or pallials are united posteriorly by a commissure 
above the rectum. The bilateral symmetry is shown internally, 
27 
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e.g. in the faired nephridia^ auricles^ and genital ducts. 
The class is of ancient origin^ 
dati7ig from the Silurian. There 
IS one order — Polyplacophora, eg 
Chiton 

The Isopleuia oi Polyplacophoia are 
represented on British coasts by several 
species of Chiton^ sluggish, usually vege- 
tarian, animals, occurring from the shore 
to great depths. The foot is generally as 
long as the body ; the mantle covers the 
back and bears eight shell-plates (Fig. 
226), perforated, in many cases at least, 
by numerous sensory organs, which are 
Fig. 226. — Chiton , — part optic ; numerous gills lie in a 

After Pretre legular row along a groove on each side 

between the mantle and the foot. 




Fig. 227 — Doisal view 
of nervous system of 
Chiton. — After Pel- 


seneer. 


c , Cerebral commissure , g , 
gut (above all the com- 
missures except cerebral 
and supra-rectal) , pa , 
pallial or visceral loop, 
with supra - rectal com- 
missure (s f c) , p , pedal 
nerves united by numerous 
transverse branches , s g , 
stomato - gastric commis- 
sure , s f , subradular 
commissure , I , labial 
commissure , v , visceral 
commissure. 


In most cases the eight shell-plates are 
jointed on one another, and the animal 
can roll itself up. The uncovered parts 
of the mantle bear spicules. Ganglia, in 
the strict sense, are scarcely developed, 
but there is a supra-oesophageal gangli- 
onic commissure from which the visceral 
and pedal coids extend backwards along 
the whole length of the body. There are 
no special sense organs on the head, 
which is but slightly differentiated ; but 
the pallial sense organs are usually numer- 
ous and varied A twisted gut runs 
through the body, surrounded by a diffuse 
digestive gland. There is a ladula in the 
mouth. The heart is median and pos- 
terior, and consists of a ventricle and 
two to eight auricles. There are two 
s^mmetncal nephridia opening posteriorly, 
and consisting of much - branched tubes. 
The sexes aie separate, a single repro- 
ductive organ extends dorsally between 
gut and aorta almost the whole length 
of the body , the genital ducts are paired 
and open posteiiorly in front of the 
excretory apertures The ova, with 
chitmous spiny shells, are usually re- 
tained for some time by the female be- 
tween the mantle and the gills. The 
segmentation is holoblastic, and a gastrula 
is formed by invagination 
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Fig. 228. — Anatomy of Chitofi. 

A, ventral surface (after Cuvier). B, doisal view of ahnientary 
canal (after Lankester). C, genital and excretorj organs from 
dorsal surface (after Lang and Haller, diagrammatic), m., 
mouth ; a., anus ; numerous simplegills ;/I, foot ; A, buccal 
mass ; I , liver , intestine ; ao , aorta ; c/., ventricle of heart ; 
r.a. and La., right and left auricles ; ov., ovarj' ; od., oviduct ; 
oA , opening of oviduct ; part of nejjhridium, represented in 
black throughout ; no., external opening of nephridium ; p , 
outline of pericardium. 


Sub-class IL Gasteropoda Anisopleura, 

Snailj Whelk, Limpet 

In these more or less asymmetrical Gasteropods^ the head 
region^ which is well developed^ remains symmetrical^ and so 
does the foot^ which is typically a flat creeping organ. But 
the visceral mass or hump, with its 7tia?itle fold, is more or less 
twisted forwards and to the right. Thus the pallial, anal, 
nephridial, and genital apertures usually lie on the right side, 
7nore or less anteriorly. A further asydnmetry is shown by 
the twisting of the morphologically right gill to the left side, 
while the original left gill is usually lost. Similarly, one of 
the 7 iephridia, probably that which is fnorphologically the left, 
tends to disappear, and in 7nost cases only one persists — 
topographically on the left side. The 7nain torsion ffiust be 
distinguished from the spiral twisting which the visceral 
hump often exhibits, and from the frequently associated spiral 
coiling of the univalve shell. Moreover, a superficial secondary 
bilateral sym77ietry tends to be acquired by free-swimming 
forms, e.g. Heteropods. There are never more than two gills 
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of the ctenidium type. The shell is iisitally in one piece ; but 
it is sometimes rudimentary or absent. The foot usually 
contains a mucus gland^ and tends to he divided into three 
regions — the pro-,^ meso-, and metapodium. There is a single 
reproductive organ and genital duct. 

Branch A. Streptoneura 

In the torsion of the body one limb of the visceial loop crosses the 
othei in a figuie 8. 

Ordei I Zygobranchiata 

The atrophy of the primitively left-side gills and nephridia is not 
carried out, or only partially, eg Hahotis (ear-shell) ; Ftssiirella (key- 
hole limpet) , Patella (limpet) 


Order 2 Azygobranchiata 

The originally left gill and the onginally left nephiidium have been 
lost. Heart with single auricle, one gill, one nephridiuin , operculum 
present. 

Periwinkle {Littorina)^ buckle [Bucanum, Fig. 222), dog-whelk 
[Purpura), lantJnna, and the majority of the marine Gasteropods 
with coiled shells, togethei with some fresh-water forms The 
pelagic Heteropods are also included here — Atlanta, shell well 

developed , Ca^’-inarza, 

A with small shell ; Ptero- 

trachea, with no shell 





^IG. 229 — A Pteropod [Cymhuha 
peronii), showing the wing-like expan- 
sions (pteropodial lobes) of the mid-foot. 


Branch B. Euthyneura 

The visceral loop does not 
share in the torsion of the 
visceral hump 

Order 3. 

Opisthobranchiata 
The visceral loop is euthy- 
neural, as in snails ; the 
single auricle lies behind the 
ventricle ,* the shell and 
mantle are often absent. 

A. Tectibranchiata. A 
shell IS piesent, 
but may be rudi- 
mentary ; there is 
a well-developed 
mantle fold and 
a single gill, e,g. 
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Bulla^ Aplysia^ Dolabella^ Umbiclla. The Tectibranchiata 
also include the Pteropoda, the winged snails 01 sea-buttei- 
fliesj which have become much modified for pelagic life 
They have a secondaiily acquired bilateral symmetiy, and 
swim by two laige lateral lobes of the foot They often 
swim actively in shoals, and occur m all seas . They afibrd 
food for whales, etc., and the shells of some are abundant in 
the ooze They include — 

(^z) Thecosomata, with mantle fold and shell, diet of 
minute animal or vegetable oiganisms, closely related 
to Bttlla and its allies. 

Examples — Hyalea, Cymbtilia, 

(b) Gymnosomata, without mantle fold or shell in the 
adult. Closely allied to Aplysia and its allies 
Actively camivoious, e.g. Clio, Pneumoderma. 

B. Nudibiaiichiata Shell, mantle fold, and true gill are absent ; 
various foims of '‘adaptive gills” ma} be present, or there 
may be no special respiratory organs, e g sea-slugs, Do? is, 
Eohs, Dendronotus (Fig 224) 

Order 4 Pulmonata 

The visceral loop is short and untwisted, gills are absent, and the 
mantle cavity functions as a lung ; all are heimaphiodite, e.g. the snail 
{Hehx) , the grey slug {Limax) ; the black slug {Anon) ; fresh-water 
snails, such as Lintmea, Planorbis, and A 7 icyhis 


Mode of life. — From the number of diverse types which 
the class includes, it is evident that few general statements 
can be made about the life of Gasteropods. We are safe in 
saying, however, that though the majority are sluggish when 
compared with Cephalopods, they are active when compared 
with Lamellibranchs. 

The locomotion effected by the contractions of the 
muscular foot is usually a leisurely creeping, but there are 
many gradations between the activity of Heteropods in 
open sea, the gliding of fresh-water snails {Lmmmd) foot 
upwards across the surface of the pool, the explorations of 
the periwinkles on the sand of the shore, and the extreme 
passivity of limpets {Patella), which move only for short 
distances at a time from their resting-places on the rocks. 

The number of terrestrial snails and slugs, breathing the 
air directly by means of a pulmonary chamber, is estimated 
at over 6000 living species, while the aquatic Gasteropods 
are reckoned at about 10,000, most of which are marine. 
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Of this myriad, about 9000 are streptoneural, the relatively 
small minority are euthyneural Opisthobranchs and Nudi- 
branchs, with light shells or none The Heteropods and 
some Opisthobranchs live m the open sea ; the great 
majority of aquatic Gasteropods frequent the shore and 
the sea bottom at relatively slight depths; the deep-sea 
forms are comparatively few. 

Gasteropods rarely feed at such a low level as bivalves do 
— indeed, some of them are fond of 
eating bivalves. Most Prosobranchs 
(streptoneural), with a respiratory 
siphon and a shell notch in which 
this lies, are carnivorous, eg. the 
buckles {Bitccmiwi) and “dog-whelks” 
{Purpura) ; on the other hand, those 
without this siphon, and with an 
unnotched shell mouth, feed on 
plants, e.g. the seaweed-eating peri- 
winkles {Littorina) The vegetarian 
habits of most land snails and slugs 
are known to all. Many Gastero- 
pods, both marine and terrestrial, 
are very voiacious and indiscriminate 
in their meals , others are as markedly 
specialists or epicures. Some marine 
forms partial to Echinoderms have 
got over the difficulty of eating such 
hard food, by secreting dilute sul- 
phuric acid, which changes the 
carbonate of lime in the starfish 
into the more brittle and readily 
pulverised sulphate. A few Gastero- 
pods are parasitic, eg. Eulima 
and Stylifer on Echinoderms, and 
the extremely degenerate Entoconcha 
miralnlis^ — within the Holothurian 
Syjiapta. 

Life Mstory. — The eggs of Gasteropods are usually small, 
without much yolk, but surrounded by a jelly, the surface 
of which often hardens. In the snail and some others there 
is an egg-shell of lime. 



F IG 230 — Stage's in mol- 
luscan de\elopment. 

A , Blastula of limpet (after 
Patten) />’, Gastmla of 
Paiudtna z'lvipara (after 
Tonniges) , 7' , beginning of 
\elum, a>c , aichenteron; 
m , mesoderm cells C, 
later stage of the same , v , 
velum , 711 , mouth inva- 

gination , arc , archen- 
teron ; a , anus , begin- 
ning of foot , g ^ shell 
gland 
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Sexual union occurs between hermaphrodites as well as 
between separate sexes, and fertilisation is effected inside 
the genital duct. Development sometimes proceeds within 
the parent, but in most cases the fertilised eggs are laid in 
gelatinous clumps, or within special capsules. The free- 
swimming lanthina carries the eggs in capsules attached to 
a large raft -like float towed by the foot. On the shore 
one often finds numerous egg-capsules of the buckie ” 
{Buccmum undaiu 7 n) united in a bail about the size of an 
orange. Under the ledges of rock are many little vases or 
cups, the egg-capsules of the dog~whelk {Purpura lapillus) 
In the buc&e and whelk, and m some other forms, there is 
a struggle for existence — an infant cannibalism — in the 
cradle, for out of the numerous embryos in each capsule 
only a few reach maturity, — those that get the start eating 
the others as they develop. 

The development is usually simple and typical. In other 
words, segmentation is total though often unequal , gastrula- 
tion is embolic or epibolic according to the amount of yolk 
present ; the gastrula becomes a trochosphere, and later a 
veliger (Fig. 230). 

Past history. — As the earth has grown older the Gasteiopods have 
increased m numbers. A few have been disinterred from the Cambrian 
rocks , thence onwards they inciease Most of the Palaeozoic genera 
are now quite extinct, but many modern families trace their genealogy 
to the Cretaceous period. Those with respiratory siphons were hardly, 
if at all, represented m Palaeozoic ages, and the terrestrial air-breathers 
are comparatively modern 

(Ecology. — As voracious animals, with irresistible 
raspers, Gasteropods commit many atrocities in the 
struggle for existence, and decimate many plants. Professor 
Stahl shows, however, that there are more than a dozen 
different ways in which plants are saved from snails, — by 
crystals, acids, ferments, etc. ] in short, by constitutional 
characteristics sufficiently important to determine survival 
in the course of natural selection or elimination. As food 
and bait, many Gasteropods are very useful, their shells 
have supplied tools and utensils and objects of delight ; the 
juices of Purpura and Murex furnished the Tyrian purple, 
more charming than all aniline. 
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Class II. SOLENOGASTRES 


The members of this class aie worm-like animalSj in which the 
mantle envelops the whole body and bears numerous spicules, but no 
shell It IS somewhat doubtful if they are Molluscs at all There are 
two families — Neomenndm and Chsetodermidde 

Of Neomeniida;, six genera are known, eg Neomema and Pro- 
neomema. They have a longitudinal 
pedal groove, an intestine without 
distinct digestive gland, two neph- 
ndia with a common aperture, and 
hermaphrodite reproductive organs 
The Chcietodeimid^, represented by 
one genus Chcetodej'ma^ are cylin- 
drical m form, without a pedal groove, 
wnth a radula bearing one tooth, with 
a distinct digestive gland, and with 
two nephndia opening separately into 
a posterior cavity, which also contains 
two gills. The sexes are separate. 
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Class III. SCAPHOPODA 

Very different in many lespects from 
Gasteiopoda are the Scaphopoda, of 
which Dentahum (Elephant’s tooth- 
shell) is the commonest genus They 
aie apparently related to the Zeugo- 
branchiate Gasteropods, and also to 
the simplest Bivalves They burrow 
in the sand at considerable depth off 
the coasts of many countries The 
mantle has originally two folds, which 
fuse ventrally, and the shell becomes 
cylindrical, like an elephant’s tusk 
Fig 231. — Proneomema Ner- open at both ends. The larger 

vous system.— From Hubrecht. opening (directed downwards in the 
^ n T, 1 t 7 1 sand) IS antenor, the concave side of 

dorsal. The mouth opens 
tenor pedal; P t' s: t posterior \is- at the end of a short buccal tube, 
cerals, si, sublingual connectives, at the base of which IS a cncle of 

itudinal lateral ner^es with three small terminal lobes It 

is used in slow creeping, and is pio- 
truded at the anterioi opening There are cerebial and pleural ganglia 
neai one another in the head, pedal ganglia in the foot, and a long 
untwisted visceral loop with olfactory ganglia near the posterior anus 
Sense organs are represented by otocysts beside the pedal ganglia. 
There is an odontophoie with a simple radula The food consists of 
nnnute animals. There is a much reduced heart, and colourless blood 
circulates in the body cavity There are two nephridial apertures, one 
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on each side of the anus , and two nephridia. The se\es are separate , 
the reproductive organ is simple and dorsal m position , the elements 
pass out by the right nephiidium The gastiula is succeeded by a free- 
swimming stage, in which there is a hint of a velum and a rudimentary 
shell gland. 

Examples — Bentahtim, Enfahum. About foity widel} distributed 
species are knowm. Dentahiuji entah occuis off British coasts. 
The genus occms as a fossil from Devonian stiata onward. 


Class IV. Lamellibranchiata or Bivalves 

{Synonyms — Acephala, Conchifera, Pelecypoda, 
Lipocephala, etc.) 

Examples — Cockles, Mussels, Clams, and Oysters 

Lamellihranchs a7'e bilaterally symmetrical Molluscs^ in 
which the body is compressed from side to side and the foot 
more or less ploiighshare-like. The head {or prostomium) 
region remains undeveloped^ and without tentacles , radula, 
horny jaws^ and salivary glands are absent^ but there is a 
pair of labial palps o?i each side of the fnouth. The mantle 
skirt is divided into two flaps^ which secrete the two valves of 
the shelly now lateral instead of dorsal in position. The 
valves are united by a dorsal elastic ligament^ and closed by 
two transverse adductor muscles or by one. Internal bilateral 
symmetry is marked by the paired nature and disposition of 
the nephridia^ auricles^ gills, digestive gland, and reproductive 
organs. The gills {cte?iidia) consist of numerous gill filaments, 
which typically grow together into large plates (hence the title 
Lamellibranch). There are usually three pairs of ganglia : 
(a) cerebro-pleurals in the head ; (b) pedals in the foot , (c) 
viscerals at the posterior end of the body. The hea7‘t consists 
of a ventricle and two auricles, and is surrounded by a 
pericardium which is coelomic in origin, and communicates 
with the exterior by means of the two nephridia. Repro- 
ductive organs are always simple, and the sexes are usually 
sepai'ate The typical development includes ti^ochosphere and 
veliger stages. Most Lamelltbranchs feed on microscopic 
organisms and particles , the distribution is very wide, both 
in salt and fresh water ^ the general habit is sedentary or 
sluggish. 
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Classification. — That of Pelseneer is based on the structure of 
the gills 

Ordei I. Protorranchia. — There are two simple posterior gills, 
quite similar to those of Zeiigobianchs ; the foot has a flattened creeping 
surface , the pleural and cerebial ganglia are distinct, e g. Nucula^ 
Solenomya. 

Order 2 Filibranchia — The gill filaments are greatly elongated 
and reflected, so that they consist of an ascending and a descending limb, 
eg. A-}ca (Noah’s-ark shell), Mytilus (edible mussel), Modtola (hoise- 
mussel) 

Order 3. Pseudo-Lamellibranchia — The successive gill filaments 
are loosely connected together to form gill-plates, eg Pecten (scallop), 
Ostjea (oyster) 

Ordei 4. Eulamellibranchia — The separate filaments are no 
longer discernible ; the gills form double flattened plates The great 
majority of Bivahes are included here, e.g Anodonta, Venus ^ Pholas 
(a boring form), Mya 

General Notes on Lamellibranchs 

Structure. — The organs which show most vaiiety in bivalves aie 
the foot, the gills, the adductor muscles, and the mantle skirt. The 
foot shows much diversity in size and shape ; the pedal gland of 
Gasteropods is often represented by a ‘‘ byssus” gland, which secretes 
attaching threads, well seen in the edible mussel {Mytilus) The gills 
show a series of gradations, from a slight interlocking of separate gill 
filaments to the formation, by complicated processes of concrescence,” 
of plate-like structures such as those of Anodonta. These processes 
are more closely related to the method of nutrition than of respiration, 
which, indeed, is probably largely performed by the mantle skirt. The 
mantle skirt is often united to a greater or less extent mferiorly, and is 
often prolonged and specialised posteriorly to form exhalant and inhalant 
“siphons'’ (Fig. 223) These siphons sometimes attain a considerable 
length ; they occur especially in forms such as Mya^ which live buried 
in sand or mud, or which burrow in wood or stone, e g Pholas The 
diversities in the adductoi muscles afford one basis for classification. 

We may associate with the sluggish habits and sedentary life of 
bivalves — (i) the undeveloped state of the head region , (2) the largeness 
of the plate-like gills, w'hich w'aft food-particles to the mouth ; and (3) 
the thick limy shells. We may reasonably associate these and other 
facts of structure {eg the rarity of anterior eyes, biting or rasping 
organs) with the conditions of life 

In some Lamellibranchs, e g Mytilidae, small eyes occur at the base 
of the most anterior filament of the inner gill-plate, in some other 
cases they are present in the larva, but not in the adult 

Habit. — Most bi\al\es, as every one knows, live in the sea, and 
their range extends from the sand of the shore to great depths They 
occur in all parts of the world, though only a few foims, like the edible 
mussel {Myiihts edu/is), can be called cosmopolitan. Some, such as 
oysters, can be accustomed to biackish water. The fresh-water forms 
may have found that habitat in two ways — {a) a few may have crept 
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slowly up from estuary to iivei, fiom river to lake; Dreissensia poly- 
morpha has been earned on the bottom of ships from the Black Sea to 
the rivers and canals of Northern Europe , and it is likely that aquatic 
birds have assisted in distributing little bivahes like Cyclas , [b] on the 
other hand, it is moie piobable that the fiesh-watei mussels [Unzo, 
Azzodonta, etc ) are relics of a fauna which inhabited former inland 
seas, of which some lakes aie the freshened residues 

Betw'een the active Lzma and Peiten^ w^hich swim by mo\nng their 
shell valves and mantle flaps, and the entirely quiescent 03-ster, which 
has virtually no foot, there are many degiees of passivity, but most 
incline towards the oystei s habit Of couise, there is much internal 
acti\ ity, especially of ciliated cells, even in the most obviously sluggish 
The cockle {Caz^dzum) uses its bent foot to take small jumps on the 
sand , the razor-fish [Soleiz) not only boies in the sand, but may swum 
backwaids by squirting out water fiom within the mantle cavity ; many 
{e.q Teredo^ Pholas, Lithodomm^ Xylophagd) boie holes in stone or 
wood ; in the great majority the foot is used for slow’ creeping motion 

The food consists of Diatoms and other Algce, Infusorians and other 
Protozoa, minute Crustaceans and organic paiticles, which the cilia of 
the“gills and palps sweep towards the mouth. The bivalves are them- 
selves eaten by worms, starfishes, gasteiopods, fishes, birds, and e\en 
mammals 

Several commensal bivalves (Montacutidm) are knowm, — Mozitaciiia 
on heart-urchins, Ezitovalva in the gullet of Synaptids, Stiobereiza on a 
sea-uichm, dsidi joiisseaziimella on a Sipunculid 

Life history. — The eggs aie sometimes laid in the water, either 
freely or in attached capsules, or they aie fertilised by spermatozoa 
drawn in with the inhaled water, and are subsequently sheltered within 
the body during part of the development In the Uniomdse the 
embryos are retained within the ca\itie&of the outer gills; m Cyclas 
and Pzszdiufu there are special brood-chambers at the base of the gills 
In Cyclas the embryos aie nourished by the maternal epithelial cells 
Segmentation is always unequal ; a gastrula may be formed by invagina- 
tion or by overgrowth, the tw o cases being connected by a senes of 
gradations. A trochospheie stage is more or less clearly indicated, 
being most obvious m cases where the eggs are laid in the water. 
The free-swimming trochosphere becomes a veliger, and this is 
modified into the adult. The fresh-water forms, with the exception 
of Dreissensia polymoipha^ in w'hich the habit is recently acquired, do 
not possess free-swimming laivm ; this must be regarded as an adapta- 
tion. 

Past history of bivalves. — Even in Cambrian rocks, which we 
may call the second oldest, a few bivalves have been discovered ; in the 
Upper Silurian they become abundant, and never fall off in numbers. 
Those with one closing muscle to the shell seem to have appeared after 
those which have tw’'o such muscles Those which, from the shell 
markings, seem to have had an extension of the mantle into a pro- 
trusible tube or siphon, were also of latei oiigin. The present fresh- 
water foims weie late of appearing. Of all the fossil forms the most 
remarkable are large twisted shells, called Hippurites ( Rudistse), whose 
remains are often very abundant m deposits of the chalk period. 
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Class V. Cephalopoda. Cuttlefish 

Examples. — Sefta^ Octopus {Polypus), Loligo, Nautilus 

The Cephalopods are bilaterally symmetrical free-simmmmg 
Molluscs. The head is sui'rounded by numerous arnN'‘ 
bearing tentacles or suckers. Part of the foot forms a partial 
or complete tube — the siphon or ^^funneV^ — through which 
water is forcibly expelled from the mantle cavity, driving the 
animal backwards. The muscular mantle flap whuh shelters 
the gills IS posterior in position , the visceial hump shows no 
trace of spiral coiling, but is elongated in a direction anatom- 
ically dorsal and posterior, though it may point forwards 
when the animal propels itself thivugh the water. Except in 
the pearly Nautilus, the shell of modern forms has been 
enclosed by the mantle, and is, in most cases, only hinted at. 
There is a very distinct head region, furnished with eyes and 
other sensitive structures, and the mouth has strong beak-like 
jaws, as also a well-developed radula. The nervous system 
shows considerable specialisation, and the chief ganglia are 
concentrated in the head. The true body cavity, pericardium 
of other Molluscs, is usually well developed, and frequently 
surrounds the chief organs. Except in the Nautilus, it com- 
municates with the exterior by the nephridia. 

The vascular system is well developed, and, except in the 
Nautilus, there are accessory branchicd hearts. The sexes are 
separate Development is direct. In habit, Cephalopods are 
predommantly active and predatory , in diet, carnivorous. 

The Cephalopods are divided into two markedly distinct 
orders, of which the one includes Sepia and all other living 
cuttles except Nautilus, which is the sole living type of the 
second order. As Sepia has been already described, we 
may briefly review some of the more striking characters of 
the pearly Nautilus {Nautilus pompihus). 

The shells of the pearly Nautilus are common on the 
shores of warm seas, but the animals are much less familiar. 
The Nautilus creeps or swims gently along the bottom at no 
great depth, and its appearance on the surface, “floating 
like a tortoiseshell cat,” is probably the result of storms. It 
IS called “pearly” on account of the appearance of the 
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innermost layer of the shell This is exposed after the soft 
organic stratum and the median layer which bears bands of 
colour have been worn away, or dissolved in a dolphin's 
stomach, or artificially treated with acid. 

The beautiful shell is a spiral in one plane, divided into a 
set of chambers, in the last of which the animal lives, w^hile 
the others contain gas. The young creature inhabits a tiny 
shell curved like a horn, it grows too big for this, and 
proceeds to enlarge its dwelling, meanwhile drawing itself 
forward from the older part, and forming a door of lime 
behind it. This process is repeated again and again, as 
an addition is made in front, 
the animal draws itself forward 
a little, and shuts off a part of 
the chamber in which it has 
been living. Thus the com- 
partments are not successive 
chambers, but fractions of suc- 
cessive chambers, abandoned 
and partitioned off as more 
space was gained in front 
All the compartments are in 
communication by a median 
tube of skin — the siphuncle 
— which is m part calcareous. 

It has been suggested that 
‘'each septum shutting off an 
air-containing chamber is formed I'm. 232.— Section of shell of 
during a period of quiescence, Nautilus. After Lendenfeld. 
probably after the reproductive 

act, when the visceral mass of the Nautilus may be slightly 
shrunk, and gas is secreted from the dorsal integument 
so as to fill up the space previously occupied by the 
animal.’^ 

The only other living Cephalopod which has a shell at 
all like that of the Nautilus is Spirula In it the shell is 
again chambered and spirally coiled in one plane. But it 
is without a siphuncle, and lies enveloped by folds of the 
mantle. 

There can be no confusion between the beautiful shell of 
the cuttlefish called the paper Nautilus (Argonauta argo) 
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and that of our type. For it is only the female Argonaut 
which bears a shell ; it is not chambered, and is a shelter for 
the eggs — a cradle, not a house. It is usually stated to be 



u 


Fig. 233. — The Pearly Nautilus {Nauhltts pompthus), 
— After Owen. 

The shell is represented in section, but the animal is not dissected 
Part of the mantle has been remo\ed Last or body 

chamber, separated by a septum {sc ) fiom the compartment 
behind , s , the siphuncle traversing all the compartments , w , 
the portion of the mantle which is reflected over the shell , A , 
the hood , c , the eye with its opening to the exterior , / , the 
lobes which bear the sheathed tentacles (t) ^ si , the incomplete 
siphon , mil , the shell muscle , n , the position of the nidamental 
gland 


formed by two of the arms, but it seems doubtful whether it 
is not m reality due to the activity of the mantle. 

It is instructive also to compare the Nautilus shell with 
that of some Gasteropods, for there also chambers may be 
formed. But these arise from secondary alterations of an 
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originally continuous spiral, and the resemblance is never 
very striking. The fresh-water snail Phmorhis has an 
unchanibered shell spirally coiled in one plane ; but in this 
and in similar Gasteropods the foot is turned towards the 
internal curve of the coil, while that of Nautilus is directed 
externally. 

There are only about half a dozen living species of 
Nautilus,, but there are many hundred fossils of this and 
allied genera. This list is usually swelled by the addition of 
the extinct Ammonites, but there are some reasons for 
suspecting that these belong to the Dibranchiate section of 
Cephalopods. 

The following table states the chief points of distinction 
between Nautilus and the other series of Cephalopods • — 

Cephalopoda 


Tetrabkanchiata {Na-utiliis) 

DlBRA.VCHIAlA(6'i’/?^r, Octopuh, etc ). 

All extinct except one genus — Nautilus , 
the extinct forms are usually ranked 
as Nautiloid and Ammonoid 

Shell external, chambered, straight or 
bent or spirally coiled That in which 
Nautilus lives has been described, 
with Its siphuncle, gas-contaimng 
compartments, etc 

The part of the foot surrounding the 
mouth bears a large number of lobes, 
which carry tentacles in little sheaths, 
but no suckers 

The two mid-lobes of the foot form a 
siphon, but they are not fused into a 
tube 

The eye is without a lens, and is bathed 
internally by sea-water, which enters 
by a small pinhole aperture There 
are two “osphradia” or smelling 
patches at the bases of the gills 

Two pairs of gills , two pairs of ne- 
phridia; two genital ducts (the left 
rudimentary) 

The ccelom sac opens directly to the 
exterior by two apertures. 

The heart has two pairs of auricles, and 
there are no branchial hearts 

No ink-bag No salivary glands , 

Numerous living genera, ranked as 
Decapods or Octopods, along with 
the former the extinct Belemnites are 
included 

No living Dibranchiate lives in a shell 
The shell was internal even in the 
extinct Belemnites, and in modern 
forms It occurs in various degrees of 
degeneration (cf. Spirula^ Sepia, 
Loltgo\ or IS quite absent (Octopoda). 

The part of the foot surrounding the 
mouth is divided into ten or eight 
arms, w^hich carry suckers, stalked in 
Decapods, sessile m Octopods 

The two mid-lobes of the foot fuse to 
form a completely closed tubular 
siphon or funnel. 

The covering of the eye may be per- 
forated, but the mouth of the retinal 
cup is closed by a lens There are 
no osphradia, though there may be 
‘"olfactory pits” behind the eyes 

One pair of gills , one pair of nephridial 
sacs , two oviducts in Octopoda and 
Oigopsida; two vasa deferentia in 
Eledone moschata , m others an un- 
paired genital duct 

The ccelom opens into the nephridia 
by tw'o pores, and thus to the ex- 
terior 

The heart has two auricles, and there 
are branchial hearts. 

An ink-bag and salivary glands. 
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Classification of Cephalopoda 

Order I Tetrabranchiata (see Table) 

Family I. Nautilidse, Naiiti/m alone ali\e; but a great 
senes of fossil foims, 07 thoLeras — Tj ochotei as. 

Family II. Animonitidoe. All extinct, but with shells well 
preserved, so that long series can be studied. They 
furnish striking evidence of progressive evolution in 
definite directions, e g. Bactnfes, Cefahtes, Bacuhtes^ 
Tun lilies^ Heteroceras, and the whole senes of genera 
formerly classed SisAmmo?nUs 

Order II. Dibianchiata (see Table) 

Sub-Order Decapoda Eight shorter and two longer arms. 
Suckers stalked and strengthened by a strong ring 
Large eyes with a honzontal lid. Body elongated, with 
lateral fins Mantle margin with a cartilaginous ‘ ‘ hook- 
and-eye ” arrangement. Some sort of internal ‘‘shell,” 
enclosed by upgrowths of the mantle. 

With calcareous internal “shell.” Spirula\ extinct Bel- 
enmites y Sepia, 

With organic internal “shell.” 

{a) Eyes with closed cornea, Myopsida, e,g Lohgo, 

{b) Eyes with open cornea, Oigopsida, e,g Omnastrephes. 
Sub-Order Octopoda. Eight arms only Suckers sessile 
without horny ring. Small eyes with sphmcter-like 
lid. Body short and rounded. No “hook-and-eye” 
arrangement. No “shell,” except in the female 
Argonaut a, 

e,g. Octopus {Polypus)^ Eledone [Moschtes), Afgo- 
nauta, Cirroteuthis (with cirri on the arms and 
no radula) 

The classification given above is that usually adopted, but it is not 
certain that the Ammonites should be included in the Tetrabranchiata. 

The Cephalopods are the most specialised of the Molluscs, 
and present much diversity of type. Nautilus appeared 
very early, and has persisted, apparently unchanged, until 
the present, while the Ammonites and Belemnites, once so 
abundant, have entirely disappeared. Among recent forms 
we have Squid, Calamary, Octopus, Argonaut, and many 
others. All swim freely in the sea, or lurk and creep 
sluggishly among the rocks. They are voracious eaters, 
and devour very diverse kinds of animals, their parrot-like 
jaws and powerful odontophore, as well as the numerous 
suckers, rendering them formidable adversaries Many 
live at considerable depths, and their chief foes are the 
toothed whales, some of which, like the sperm whale 
{^Physeter), and the bottle-nose {Hyperoodon\ subsist almost 
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entirely on cuttles. Some deep-sea forms have luminous 
organs 

A chambered external shell, serving as a house, is present 
in Nautilus alone among living Cephalopods. In Spirula 
there is a spiral chambered shell, but it is very small, 
enclosed by the mantle, and quite useless for protection. 
Most of the extinct forms had large and efficient shells of 
very diverse shape, some straight like Orthoceras^ or coiled, 
with chambers separated by complex septa, as in the 
Ammonites. Most of the modern forms seem to be 
more active than their ancestors, and their shells have 
degenerated. 

While the fact of the degeneiation is perfectly obvious, the line along 
which It has taken place is difficult and still debated In Plauhhts, 
although the animal lives within the shell, the mantle fold is for some 
distance i effected over it ; in the other series of Cephalopods this 
piocess has gone farther, and, where a shell is present, it is entirely 
enclosed within the mantle fold, and is much leduced m size In the 
extinct Belemnites the internal shell was stiaight and chambeied, but 
almost concealed by secondary deposits of lime, secreted by the walls of 
the shell-sac. In Septa, according to one view, the central laminated 
region of the ‘‘bone” represents the remains of the chambeied shell ; 
the remainder corresponds to the secondary deposits of lime in the 
Belemnites. Besides lime there is chitin in the ‘ ‘ Sepia-bone ” In 
Lohgo there is no deposit of lime, an organic chitinous pen only being 
left. In Octopus there is no trace of shell at all According to some, 
the shell-sac, in which the shell or pen of Cephalopods is foimed, is 
to be regarded as equivalent to the embryonic shell-sac plus a mantle 
pocket. 
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CHAPTER XVII 

PHYLUM CHORDATA 
SUB-PHYLUM HEMICHORDA 

Under the title Hemichorda are included a number of 
interesting types which seem to have affinities with Verte- 
brates. These affinities are clearest in certain worm- 
like animals with distinct gill-clefts, eg, Balanoglossns 
and Pfychodera^ which form the class Enteropneusta. 
Perhaps allied to these are two peculiar types, — Rhab do- 
pleura and CephalodiscuSj which may be united in the class 
Pterobranchia. Very doubtfully in this alliance is Phoronis, 

General Characters of Enteropneusta 

The worm-like body has three regions — a pre-oral pro- 
boscisP a collar^'’ ai’Oimd and behmd the 77 ioiith^ and a 
trunk, the a?iterior part of which bears gill-shts. A dorsal 
and m part tubular nerve-cord arises frotn the ectoder77i along 
the middle line, and ts co 7 inected, by a ruig round the pharynx, 
with a ve?itral cord, I?i the skin, which is covered with 
ciliated ectoderm, there is also a nerve plexus. Prom the 
afiterior regio?i of the gut a diverticulum grows foi'ward for 
a short distance, becomes a firm support for the proboscis, and 
is often called the notochord The gill-shts open dorsally, 
are very iiumerous, atid mcrease in number during life. The 
mesoblast is formed by the outgrowth of five coelom pouches 
from the archenteron. An unpaired anterior pouch forms 
the pre oral or proboscis cavity of the adult, there are two 
collar cavities and two trimk cavities. 

There are about 30 species in 9 genera, e.g. Balanoglossus, 
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Dolichoglossiis, Ptychodera, Schizocardiiim, and Ghmdiceps. 
They are very widely, though locally, distributed, and most 
occur in the littoral area. 


Description of Balanoglossus 


Form, and habitat. — The species which form this genus 
are worm-like marine animals, burrowing in sand and mud 
in almost all seas. They vary in length from about i m. to 
over 6 in., and are brightly coloured and have a peculiar 
odour, like that of iodoform. The sexes are distinct, and 
are marked externally 
by slight differences m 
colour The body con- 
sists of a prominent 
turgid and muscular 

proboscis,” a firm 
‘^collar,” a region with 
gill-slits, and, finally, a 
long, soft, slightly coiled 
portion. 

Skin and muscles. — 

The epidermis is ciliated, 
and exudes abundant 



mucus from unicellular Fig 234.— Male of Bahmoglosms {Do^ 
glands. With the addl- hchoglossus) kowalevsku,~^^ix.tt Bate- 


tion of grams of sand, 
the mucus sometimes 
forms a tube round the 


son. 

Note anterior proboscis Mo , Mouth , op , 
slight operculum behind the collar, then the 
region with gill-slits , ts , testes , a , anus 


body. Some species are 

phosphorescent. The muscular system is best developed 
about the proboscis and collar, which are used in leisurely 
locomotion through the soft sand. There are external 
circular and internal radial and longitudinal muscles. The 
fibres are unstriped. There is great regenerative capacity. 
Nervous system. — The dorsal nerve-cord is most de- 


veloped in the collar, but is continued along the whole 
length. It arises as a longitudinal groove of ectoderm and 
often remains tubular, like a typical spinal cord. The 
dorsal nerve-cord is connected by a band round the collar 
with a ventral nerve. There is also a nervous plexus 
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beneath the epidermis Thete are no special sense organs 
in the adult. In the larvae of some species there are two 
eye-spots. 

Alimentary system. — The peimanently open mouth is 
on the vential surface between the proboscis and the collar 
Sand seems to pass into it duiing the wriggling movements 
of the animal, which are gieatly aided by the tuigidity of 
the proboscis and collar. The pharynx is divided into a 
dorsal and ventral region, of which the formei is respiratory 
(Fig. 235, and connected with the exterior by many 
gill-slits, while the latter is nutritive (Fig. 235, and 
conveys the food particles onwards. Behind the region 
with gill-slits, the gut has a dorsal and a ventral ciliated 
groove, and bears, throughout the anterioi part of its course, 
numerous glandular sacculations, which can be detected 
through the skin The anus is terminal. The animal eats 
its way through the sand, and derives its food from the 
nutritive particles and small organisms therein contained. 

Skeletal system. — The skeletal system is lepresented by 
the “notochord,” which lies in the proboscis, and arises, 
like the notochord of indubitable Vertebrates, as a diverti- 
culum from the dorsal wall of the gut in the collar region. 
Beneath the notochord there is a chitinous “proboscis 
skeleton.” The septa between the gill-slits are supported 
by chitinous “ forked primary ” bars ; and each slit, at first 
circular, is split into a V-shape by the growth downwards 
of a double rod of chitin called a “ tongue bar ” ; the whole 
IS suggestive of Amphioxus, 

The body cavity. — The body cavity consists of five 
distinct parts, all of which are lined by mesoderm, and 
arise as pouches from the archenteron. {a) There is first 
the unpaired cavity of the proboscis, which communicates 
with the exterior by a dorsal pore at the base of the pro- 
boscis next the collar, {p) In the collar legion theie are 
two small paired ccelomic cavities, from which two funnels 
open to the exterior Both these cavities and that of the 
proboscis tend to be obhteiated by growth of connective 
tissue (c) Two other cavities extend along the posterioi 
region of the body, to some extent separated by the dorsal 
and ventral mesentery -which moors the intestine. In these 
there is a body cavity fluid with cells. 
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Eespiratory and vascular systems.— The respiratory 
system consists of many pairs of ciliated gill-slits They 
open dors ally by minute pores behind the collar In 
development they begin as a pair, increase in number from 
in front backi\ards, and they go on increaMng long after 



Fig 235. — Tiansverse section through gill-slit region of 
Ptychodeta imnuta — After Spengel. 

The section, somewhat diagrammatic, show's a gill-s.lit jt ) to left, 
and a septum Detween two slits to the right, d h ^ doisal 
nerve, dv^ doisal \essel, v >i ^entraI ner\e, vv ^ ventral 
vessel , g , nutritive part of gut , respiratory part of gut , 
6 , lateral coelomic spaces , / w , longitudinal muscles , R , 
reproductive organs As the gill-slits are oblique, the whole of 
one could not be seen in a single cioss-section 


the adult structure has been attained Water passes in by 
the mouth and out by the gilhslits, where it washes branches 
of the dorsal blood vessel. 

There is a main dorsal blood vessel, which, at its anterior 
end, forms a heart lying above the notochord, and below 
a closed contractile dilatation, sometimes called the “ peri- 
cardium.” Beside the latter there is a paired “ proboscis 
gland,” formed from the ccelomic epithelium. There is a 
ventral vessel beneath the gut, and numerous smaller 
vessels. The almost colourless blood flows forwards 
dorsally, backwards ventrally. This system should be 
contrasted with that of Amphioxus. 

Excretory and reproductive systems. — No nephridia are 
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known, but from the region of the collar two ciliated 
funnels open to the exterior, and the enigmatical proboscis 
gland is possibly excretory. 

The sexes are separate. A numbei of simple paired 
genital organs he dorsally in a series on each side of the 
body cavity in and behind the region with gill-slits 
(Fig 235, i? ). They open by minute dorsal pores. 

Development. — The eggs are fertilised outside of the 
body. Segmentation is complete and approximately equal ; 



Fig. 236. — Direct development of DohcJioghssus — After Bateson. 

The mesoderm is represented by the broken dark line 
In the upper row, from the left — 

Section of blastula , beginning of gastrulation, End , endoderm , 
section of gastrula, dl , blastopore, Ac , Archenteron , 6' c , 
segmentation cavity ; closure of blastopore, outgrowth of five 
coelom pouches {M ) 

In the lower row, from the left — 

Longitudinal section, showing the five parts of the body cavity 
(J}c 1 , be be 3) or coelom 

Cross-section, C rV 6* , central nervous system , Nch , notochord , 
be body cavity in collar region. 

Section at a later stage, D bv , dorsal blood vessel 


a blastosphere results ^ this is invaginated in the normal 
fashion, and becomes a gastrula. 

The development may be direct without a larval stage, 
as in JDolichoglossus kowalevskit^ or indirect with a Tornaria 
larva, as in Balanoglossus biminiensis. 

In the duect development the blastopoie of the gastrula narrows and 
closes , the external surface of the gastrula becomes ciliated , the 
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endodeim lies as an independent closed sac uithin the ectoderm. 
Meanwhile the embiyo has become or is becoming fiee fiom the thin 
egg envelope, and begins to move about at the bottom in shallow^ 
watei It elongates and becomes more woim-like ; there is an antenor 
tuft and a posterior ring of cilia; the pnmitne gut foims five coelomic 
pouches ; a mouth and an anus are perfoiated ; there seem to be no 
fore-gut noi hind-gut invaginations. Two gill-slits appear ; the regions 
of the body are defined at a veiy early stage 

Ip the indirect development, there is a Tornaria laiw^a, at first bell- 
shaped. A ventral mouth opens into the curved gut, which is furnished 
with a posterior terminal anus A “dorsal pore” leads into a thm- 
walled sac which becomes the proboscis 
cavity of the adult There are external 
bands of cilia, something like those of 
an Echinoderm larva, and also an apical 
sensory plate (like that of many Annelid 
trochospheres), with two eye -spots. 

The Tomaria is a pelagic form. luring 
its period of free pelagic life it gradually 
loses its distinctive bands of cilia, be- 
comes diffusely ciliated, acquires a pro- 
boscis and two gill-slits, and thus ap- 
proaches the form already described. 

It is elongated in the post-oral region, 
and becomes a creeping form The 
Tomaria must be regarded as the more 
primitive larval form ; the temporary 
absence of mouth and anus in the other 



type is probably an adaptation acquired FiG. 237. — Tornaria larva, 
after the pelagic habit was lost. from the side. — After 


Johannes Muller ranked the Tornana 
larva, whose adult form was not then 
known, beside the larvae of Echinoderms, 
and the resemblance has been recently 


Spengel 

M, mouth; £■., gut, a,, anus, 
/z., heart , pore entering 
proboscis cavity ; c r , anal ring 


emphasised by Willey. The ciliated 
bands of the Tomaria resemble those 
of Echinoderm larvm, but this is only 
a superficial characteristic. The an- 
tenor pouch, which forms the cavity 
of the proboscis and communicates 


of cilia , s c r , secondary anal 
ring. The dark wavy line in- 
dicates the margin of the lobes 
of the larval body with their 
bands of cilia Note also the 
apical spot with ciha and sense 
organ 


With the extenor, has also been com- 


pared with the beginning of the water- vascular system m Echinoderms, 
and it is true that m both several independent coelom pouches 


grow out from the primitive gut The anterior body cavity m Balano- 
glossus communicates with the exterior by a pore, which becomes the 
pioboscis-pore of the adult, and this has been compared with the 
water-pore, or outlet of the water-vascular system of Echinoderms, 
which similarly opens from an antenor enterocoel to the exterior. On 
the other hand, the presence of an apical plate — a structure almost 
invariably absent in Echinoderms — suggests an affinity with an Annelid 


trochosphere 
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Affinities loiih Vertebrates (especially emphasised by Bateson) 

(1) ‘Wotoi/ioMP — A dorsal outgro\\Lh fiom the anteiior region 

of the gut glows forwaid for a short distance into the pio- 
boscis, and becomes a solid suppoitmg lod (Fig 236, A^c/i ). 
It may be compared with the notochord of Vertebiates, 
w^hich also arises dorsally from the gut. But it lies be/ocu 
the mam dorsal blood vessel, is of very limited extent, and 
mav be meiely an analogue of the notochoid. 

(2) “ GiU-shts ” — Numeious gill-slits (Fig 234) open fiom the 

anterior region of the gut to the exterior, and are sepaiated 
from one anothei by skeletal bars, which in some w^ays 
lesemble the framework of the lespiiatory pharynx in 
Ainphioxus. There are, however, many diffeiences in 
detail, — thus the slits open dorsally, not laterally ; the 
skeletal bars are diffeiently disposed ; the blood supply is 
different 

(3) Dorsal nei^ve-cord — A dorsal median msinkmg (Fig. 235, 
d 71 ) of ectoderm, especially stiong in the legion of the 
collar, may be compared with the medullary canal of Verte- 
brates. But It must be noticed that theie is also a vential 
neive-cord (Fig 235, v n ) 

(4) “ The axiom ” — The development of fi\e enterocoelic pouches 

IS \ ery suggestive of affinities with Amphioxus, 

Affinities with A?mehds (after Spengel) 

The larva (Tomaria) (Fig 237) may be legarded as a modified 
Tiochosphere, but this points at most to a fai-off common 
stock Moreover, the nephridia, usually present in the 
Tiochosphere, are unrepresented in the Tornaria. 

The heart lies, as in some Annelids, dorsal to the gut, not 
\entral as m Vertebrates; the dorsal vessel carries blood 
forw'ards, the ventral backwards, as is usual in Annelids 
But the double nervous system is essentially different from 
that of Annelids, and the gill-slits are unrepresented there, 
though Salensky has descnbed oesophageal pockets opening to 
rhe exterior in four Annelid types — Polygoi'ditis^ Saccocirrus^ 
Spzo fnliginosns, and Polydora cornuta. In the last there are 
five pairs in the larva, and two persist. If there be a 
relationship between Enteropneusta and Annelids, it must 
be a very distant one, perhaps restricted to origin from some 
common stock. 


Class Pterobranchia (i) Cephalodiscus 

CephalodisLiis dodecalophiis was dredged by the Challenger in the 
Magellan Straits. Others are known from Japan, the Malay Archi- 
pelago, South Africa, and the Antarctic It was at first described by 
MTntosh as a divergent Polyzoon, but the researches of Planner point 
to relationship with Balanoglossus 
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The minute indisiduals aie associated 
together within a gelatinous investment; 
the colony may attain a size of 9 in 
by 6 in The gut is ciiived, the anus 
being beside the mouth, beneath which 
aie 4-6 pans of aims w^ith ciliated tent- 
acles These two chaiacters, foimerly 
supposed to indicate Pol^zoan affinities, 
may perhaps be adaptations to the sedent- 
ary life With BalanogloiiSiiS this type has 
been compaied, on account of the possession 








Fig. 238 — Piece of a colony 
of Cephalodii>ciiSy showing 
the tubes inhabited by the 
animals.— After Ridew'ood. 

of the following characters — (i?) 
The body is divided into three 
legions, which correspond to the 
proboscis, collar, and trunk of 
Balanoglossus ; this is especially 
obvious in the young bud ; [b] 
each of the three regions contains 
a coelomic cavity, the most anterior 
being single, while the other two 
are divided by a median pai- 
tition ; (c) the anterior pre-oral 
cavity opens to the exterior by 
two pores (cf. proboscis pore 
of Balanoglosms ) , [d) the collar 
region is also furnished wuth two 
collar-pores ; [e) in the collar 

region the dorsal nervous system 


Fig 239. — An individual Cephalo- 
discus — After Ridewood. 

i> ^ Buds, st., stolon, , to the left, 
bulging of the body caused by the 
gonad , f to the right, bulging of the 
body caused by the stomach , p j., pos- 
terior lobe of buccal shield ; ? / , a red 
line on the buccal shield , h s., dark 
edge of the buccal shield , pi. tentacular 
plumes 


IS also placed, and is continued 
to some extent into the proboscis ; 
(/) beneath the nervous system 
lies a diverticulum from the gut, 
which extends towards the pio- 
boscis region , this has been 
compared to the ^‘notochord'’ 
of Balanoglossus ; {g) the anterior 
region of the gut is perforated by 
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a pair of lateial gill-slits The gonads he between anus and phaiynx 
Buds are given oft fiom a lateial stalk. 


(2) Rhabdopleuia 

This genus is found at considerable depths in the North Sea and 
Atlantic. Like Cephalodz'\ciis, the individuals are minute and stalked, 
and occui in a colony, in this case, howevei, they remain attached to 
one another by a common stolon, instead of being united only by an 
investment. The proboscis 01 buccal shield makes a thin annulated 
tube within which the polyp moves up and down. In the head legion 
there are two hollow lateral arms bearing numerous ciliated tentacles, 
which have a skeletal support. The gut, as in Cephalodiscns^ has a 
U-shaped curvature and an anterior diverticulum (“notochord”). 
There are five coelomic ca\ities, and two collar-pores. There are no 
gill-slits. 



CHAPTER XVIII 


PHYLUM CHORDATA 

SUB-PHYLUM UROCHORDA or TUNICATA 

(Ascidians, Sea-Squirts, etc.) 

The Tunicates are remarkable animals, which seem to 
stumble on the border line between Invertebrates and 
Vertebrates. They were classified with Polyzoa and 
Brachiopoda as Molluscoidea, until, in 1866, Kowalevsky 
described the development of a simple Ascidian, and 
correlated it, step by step, with that of Amphioxiis, He 
showed that the larval Ascidian has a dorsal nerve-cord, 
a notochord in the tail region, gill-slits opening from the 
pharynx to the exterior, and an eye developmg from the 
brain. It is true that in most cases the promise of youth 
is unfulfilled, the active larva settles dovn to a sedentary 
life, loses tail and notochord, nerve-cord and eye, and 
becomes strangely deformed. Nevertheless we must now 
class Tunicates along with the Chordates. Of their possible 
relations to simpler forms nothing definite is known. 

General Characters 

The Tunicates are marine Chordata^ but the chordate 
characteristics — dorsal tubular nervous system^ notochord^ 
gill-slits^ afid brain eye — are in most cases discernible only 
in the free-swimming larval stages. They usually degenerate 
in the course of their development^ and the adults^ which are 
in ?nost cases sedentary^ tend to diverge very widely from the 
Vertebrate type. Thus the nervous system is generally re- 
duced to a single ganglion placed above the pharynx. The 
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body is invested by a thickefied cutiiula?^ test, which contains 
ce/tu/ose The ix'lativeiy large pharynx is perforated by two 
{in Larvacea)^ or {in the majority) by numerous ciliated gill- 
shts^ and is suriounded to a greater or less extent by a 
penbranchial chamber^ which communicates with the exterior 
by a special dorsal {atnal) opening. The ventral heart is 
simple and tubular^ and the 7 ‘e is a periodic I'eversal in the 
direction of the blood current. Nephridia are absent^ and the 
renal organs have no ducts. All aie hermaphrodite. There 
is usually a metamorphosis in development. Colonies are 
frequently formed 

Type of Tunicata — a simple Ascidian {Ascidia mentula) 

An adult Amdia is an irregular oval of 3 to 4 in. in 
length ; one end is attached to stones or weed ; the other, 
more tapering, bears the 8-lobed mouth , close beside this, 
on the morphological dorsal surface, lies the 6-lobed ex- 
halant or atrial aperture. During life, water is constantly 
being drawn in by the mouth and passed out by the atrial 
opening. If irritated, the animal may drive a jet of water 
with considerable force from both apeitures, whence the 
name sea-squirt.” 

Test. — The whole body is clothed m a thick test, some- 
times called a tunic, though this name is more frequently 
applied to the underlying body wall. From this body wall 
the test can be readily removed, the two being unattached 
except at one spot, where blood vessels pass into the test, 
and also to a less degree at the two openings. To begin 
with, this test is a true cuticle, produced by secretory 
prolongations of the ectoderm cells; but soon after its 
formation mesenchyme cells migrate into it, and give rise 
to patches of connecti-ve tissue cells These cells apparently 
retain throughout life some phagocytic importance In 
Ascidia outgrowths of the body wall with prolongations of 
blood channels enter the test, ramifying m all directions. 
In some Ascidians this is carried further, so that the test 
becomes an impoitant accessoiy organ of respiration. The 
test consists in great part of a carbohydrate identical with 
the cellulose of plants. This “cellulose” or “tunicin”is 
common throughout the group, but the relative amount 
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produced varies markedly in the different forms. In some 
forms the “ test ’’-cells make calcareous spicules. 

/?; a/ 


X 



" Fig 240 — Dib'^ection of Ascidian — After Heidman 

In ap , Inhalant aperture, T , test, cut away below to show mus- 
cular layer, phar^mv, etc , £n , endost^le or \entral groo\e 
of pharynx Note removal of pharynx to show, on the other— 
the left — side, stomach (.5*/ ), intestine (with fold seen at inci- 
sion), and reproduetue organs (G); N , opening uf phar 5 ,n\ 
into oesophagus ^ G D , genital duct , A , anus , C/ , cloacal 
chambei , ap ^ exhalart aperture, , lies above the 

ganglion, w-hich is seen between the two apertures , beneath it 
is the sub -neural gland anO its duct- 

Body wall and muscular system. — The body wall, mantle, 
or tuniCj disclosed by peeling off the test, is a structure of 
considerable complexity. Its outer surface is covered by a 
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single layer of ectoderm cells, which secrete the test 
Beneath these there lies a gelatinous matrix containing 
numerous connective tissue cells, blood- carrying spaces, 
muscle cells forming slender fibres, and so on 

A true coelom has been described in some embryos, but 
it is afterwards almost suppressed, being represented at 
most by the pericardium and small lacunar spaces The 
appare7it body cavity of the Ascidian — the space between 
gut and body wall — is, as we shall see, lined throughout by 
ectoderm. 

The muscular system is not well developed. The muscle 
cells are much elongated and unstriped , they are aggregated 
into fibres of varying thickness, which form an irregular net- 
work on the right side of the body, while they are virtually 
absent on the left. Special sets of fibres form sphincters 
round the apertures. 

Alimentary and respiratory systems. — The mouth opens 
into a short stomodreum, separated from the branchial 
sac itself by a sphincter muscle, whose posterior border 
is furnished with numerous simple elongated tentacles. 
Behind this lies a ciliated peripharyngeal groove. In the 
living animal the tentacles form a sort of sieve over the 
opening of the branchial sac. This sac is morphologically 
the pharynx, and extends almost to the posterior end of the 
body. It is separated from the mantle by a space whose 
dimensions vary greatly in the different regions of the body. 
This space is the peribranchial chamber, which is formed 
from the ectoderm, and communicates with the exterior by 
the atrial opening, and with the branchial sac by innumer- 
able slits. The remainder of the alimentary canal lies on 
the left side of the body, between pharynx and mantle, and 
consists of a short oesophagus leading from the pharynx to 
the fusiform stomach, and of an intestine which desciibes 
an S-shaped curve, and then crosses the atrial chamber, to 
end in an anus lying beneath the exhalant opening. The 
absorbing surface of the intestine is inci eased by a marked 
infolding, corresponding to the typhlosole of the earthworm. 
A mass of tubules connected by a duct with the cavity of 
the stomach is possibly a digestive gland. 

The structure of the pharynx is exceedingly complex, for 
it has a double function — respiratory and nutritive. More- 
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over, the breathing organs of sedentary animals tend to be 
elaborate. The water which enters by the branchial aper- 
ture IS not only used in respiration, but brings with it 
the minute food particles Similarly, the outgoing current 
carries with it the water used in respiration, the undigested 
residue of the food, and the spermatozoa and ova. The 
water of respiration passes from the pharynx through its 
numerous gill openings to the peribranchial chamber, and 
so to the exterior. On its way it punfies the blood m the 
vessels running in the complex framework of the pharynx 
wall. The water-current is produced and maintained by 
the action of the ciliated cells lining the gill-slits, and its 
force necessitates special arrangements to prevent the food 
particles being swept out befoie they have entered the 
digestive region of the gut In this connection there is a 
longitudinal glandular groove or endostyle along the ventral 
surface of the pharynx, and a ciliated fold on its dorsal- — 
the regions being defined by the nerve ganglion. According 
to Willey, the minute algae and the like of the food are 
entangled in the abundant mucus secreted by the ventral 
groove or endostyle, and are swept forward in a cord of 
slime, until at the anterior end of the endostyle they reach 
the ciliated peripharyngeal groove, whose two halves sur- 
round the pharynx, and unite to form the dorsal lamina or 
fold. The food particles passing round the peripharyngeal 
groove are swept backwards by the cilia of the dorsal 
lamina until they reach the oesophageal opening. In many 
Ascidians the dorsal lamina is replaced by a series of pro- 
cesses — the dorsal languets, which may be sensory, as well 
as food-wafting structures. 

Nervous system and sense organs. — In the adult both of 
these show marked degeneration. In the larva there is a 
slightly developed brain continued into a dorsal nerve-cord, 
and having conne^ed with it a median eye and an otocyst. 
The two latter are completely absent in the adult, and the 
nervous system consi^s merely of a ganglionic mass lying 
between the two apertures, giving oif a few nerves forwards 
and backwards. 

A structure of doubtful utility, but of consideiable morphological 
interest, is the small sub-neural gland which lies beneath the ganglion, 
and communicates by a ciliated duct with the pharynx. The opening 
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IS usually complex, and forms the so-called doisal tubeicle, which 
IS veiy distinct on the wall of the phai 3 mx. It lies at the point 
where the two halves of the ciliated groo^^e, or periphaiyngeal band, 
abeady desciibed, converge doisally to form the doisal lamina. In 
Ascidta the sub -neural organ is ventral to the biain, and paitl} 





Fig 241 — Diagram of Ascidian — After Ileidman. 

The arrow-> indicate the two openings, the dark bordei the test 
Ph , Pliar>n\, with gill-shts , C? , reproductive organs, H , 
heart, with blood \essels, GD ^ genital ducts, K , lectum, 
ending m cloacal chamber. Surrounding the pharynx the 
peribranchial cavity is shown. 

glandular in character, and so it is in many ; in some cases, however, 
it IS doisal in position, and its glandular portion is reduced to nil. 
It IS probable that the sub-neural gland and its duct correspond to 
the olfactoiy pit of Amphoxus, and perhaps to the hypophysis of 
Vertebrates 
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It IS probable that the pigment spots between the lobes of the 
apertuies, the tentacles in the branchial siphon, and the dorsal lamina, 
or its representatives, the languets, have some sensoi} function. 

Vascular system. — The simple tubular heart lies in a 
pericardial space at the ventral side of the lower end of the 
pharynx. In development, two diverticula grow out from 
the pharynx , these meet and fuse, forming the pericardium. 
The heart arises as an invagination from its dorsal wall, and 
is thus endodermal in origin, and probably not homologous 
with the heart of the other Vertebrates. A periodical 
reversal of the direction of the waves of contraction is 
discernible m the heart ; for a certain number of beats the 
blood is driven upwards, and then the direction is reversed. 
This same reversal also occurs in Phoro?ns. 

According to Ilerdman, the venLro-dorsal contractions occasion the 
following circulation — The blood, which is spread out on the walls of 
the phaiynx m vessels lying between the slits, collects into one large 
(bianchio-cardiac) vessel, which, aftei receiving a vessel from the test, 
enters the ventral end of the heart From the dorsal end it is poured 
into a gieat (caidio-MSceral) tiunk, which sends one bianch to the 
test, and then breaks up among the viscera From the visceial lacunce 
the blood is again collected (in a branchio-visceial) to be distributed 
to the branchial sac At the reversal of the contractions this circulation 
is also reversed The reversal occurs ever} couple of minutes or so. 
The blood is ver}’’ colourless, but usually contains a few pigmented 
corpuscles 

Excretory system. — In the loop of the intestine there 
lies a mass of clear vesicles containing uric acid and other 
waste products. This, therefore, seems to be a lenal organ, 
but there is no duct. Bacteria are usually found in the 
vesicles, and their activity may make diffusion easier. It is 
interesting to find such a plant-like method of storing up, 
instead of eliminating, waste products in these very passive 
animals. It has been suggested that the sub-neural gland 
may have some renal function 

Reproductive system. — Tumcates are hermaphrodite. 
The reproductive organs (Fig 240, G ) are very simple, and 
lie in the loop of the intestine. The ovary is the laiger, 
and contains a cavity into which the ova are set free, and 
from which they pass outwards along an oviduct which 
opens into the cloacal chamber. The testis surrounds the 
ovary, and is mature at a different time (dichogamy) , its 

29 
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duct runs by the side of the oviduct In some forms, where 
the gonads are near the cloaca, there are no ducts The 
ova are surrounded by follicular cells, and probably fertilised 
in the cloaca. 

Development. — The fertilised ovum divides completely and almost 
equall} The spherical blastospheie becomes slightly flattened, and 
ultimately forms a two-layered gastrula. 

Along the dorsal median line of the gastrula the ectoderm cells form 
the medullaiy gioove, the sides of which arch together and form a 
canal — the medullary canal. This opens anteiiorly to the exteiior by 
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Fig. 242 — Young embryo of Ascidian {Clavehna) — After 
Van Beneden and Jnlm. 

NP , Neuropore , NC.^ neural canal , NCH , notochord ; E , 
ectoderm , M , mesoderm ; A , archenteron. 

the neuropore, and posteriorly communicates with the aichenteron by 
the neurenteric canal. 

With regard to the origin of mesoblast and notochord, there is more 
difficulty. Both originate from the endoderm in the region of the 
blastopore, and for a time grow forward togethei. The notochord lies 
in Its usual position on the roof of the gut, from a specialisation of 
which It arises ; but its forward extension is limited,— it nevei extends 
into the anterioi region, and m the posterior region— the future tail— it 
mci eases at the expense of the primitive gut, whose lumen it obliterates 
The mesoderm, on the other hand, extends right forward, and becomes 
divided into two regions — a posterior, ultimately forming the muscula- 
ture of the tail, and an anterior, giving rise to the blood, connective 
tissues, body muscles, excretory and genital organs. According to Van 
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Beneden and Julin, the mesoderm primanh originates in the foim of 
two pockets, which grow out from the gut, as m AnipJitoyui>, and 
whose cavity is the tiue cnelom According to the majoiitv of in\esti- 
gatois, it originates as solid blocks of cells, and the body ca\it} is 
only represented by spaces produced by the subsequent sepaiation of 
these cells. 

The fuither processes of development lesult m the foimation of 
a tadpole-like larva, with doisal nervous s}stem, notochord in the 
tail region, and well-developed sense organs Two ectudeimal in- 
vaginations foim the original double peribranchial chamber, and 
small diveiticula from the pharynx meet these and form the first 
gill-slits 

For some houis the larva enjoys a fiee-swimming life, using its tail 
as an oigan of locomotion. Then it fixes itself by papillm on its head, 



Fig 243 — Embryo of Clavehna.—Wa^x^t^ after Seehgei. 

_// , Fixing papilla, ef, ectodermic fold, c ^ ciliated grooie, 
en , endostyle, so , cerebral vesicle with sense organs, , 
gill-slits , n , nerve-cord beginning to degenerate , ch , noto- 
chord , g , gut curving upwards towards atrial opening. The 
atrial invagination is marked by a dotted line , the mouth and 
atrial opening are indicated by arrows 

and begins almost immediately to degenerate. The tail shrinks and 
disappears, being consumed by phagocytes. The nerve-cord is lost, 
and with it the larval sense organs, while simultaneously a change of 
axis results m the adult relation of parts The peribranchial chamber 
becomes gieatly enlarged, and its two openings fuse together to form the 
single atrial aperture of the adult The gilbslits increase greatly m 
number, the increase being due both to the formation of new slits and 
to the division of those first formed, and the whole animal under- 
goes a metamorphosis which is one of the most signal instances of 
degeneration. 


General Notes on Tunicata 

The description of Ascidia given above is, in its general 
outline':, applicable to all the simple Ascidians, which are 
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abundantly represented on British coasts As contrasted 
with this type, we have in other members of the class most 
remarkable diversity m structure, habit, and life history. 

The simple x\scidians are usually sedentary, growing fixed 
to stones, shells, or weed, and are widely distributed, occur- 
ring on or near the coasts of all seas With the exception 
of the so-called social iVscidians {eg Clavehnci), they do not 
reproduce by budding, but are often gregarious, great 
masses being found together. 

To the compound Ascidians {eg, Botryllus) those simple 
forms are linked by Clavelifia^ wheie each individual is 
surrounded by its own test, but is united to its fellows by a 
common blood system. In the compound xA^scidians, on the 
other hand, many individuals are enveloped m a common 
test, and all like Claveh?ia possess the power of reproducing 
asexually by budding. There is, however, no doubt that 
the so-called compound Ascidians are an artificial group, 
whose members diverge widely in structure, though all dis- 
play the two characters mentioned. 

Some of the compound Ascidians are not fixed, but form 
floating colonies. These forms lead up to the beautiful 
Pyrosoma or phosphorescent fire-flame, where the whole 
colony with its numerous individuals swims as one creature. 

All these belong to the Ascidian senes, and display 
interesting diversity in their methods of development. 
The simplest case is that already described for Ascidia^ 
where the tailed larva gives rise to a sexual adult without 
any power of budding. This occuis in almost all simple 
Ascidians, but even here there are indications of possible 
complication Thus, on the one hand, in some, eg, Afol- 
gula^ there is a tendency towards abbreviation — the larval 
stage being suppressed, while, on the other, the adult 
acquires the power of reproducing asexually, eg Clavelina, 
Both processes are carried further in the compound 
Ascidians. In these the eggs have usually a considerable 
amount of yolk, and development takes place either in the 
atrial cavity of the mother, or in special brood-pouches. In 
consequence, the development, especially in the early stages, 
shows considerable modification, although the larval stage 
is quite distinct. Again, the tailed larva develops into an 
adult w’hich has no sexual organs, but forms a colony by 
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budding The individuals of the colony then give rise to 
eggs and so to larvae. The development thus "includes a 
distinct alternation of generations. 

Budding takes place in many different ways in the com- 
pound Ascidians In one set (the Diplosonnd^e) the tailed 
larva is precociously reproductive, giving use to buds before 
undei going metamorphosis This forms an interesting 
transition to the condition seen in Fjrosoma, where the 
fertilised egg gives rise to a rudimentary larva (cyathozooid), 
from which a young colony of foui individuals arises by 
budding These individuals again bud, until a large colony 
is formed, the members of which become sexual. The ova 
are few in number, a statement which is generally true for 
the pelagic Tunicates, as contrasted with sedentary forms. 

While the Ascidians in the naiiow sense include all the 
more typical Tunicates, there are two other sets, few m 
number both as regards genera and species, but of great 
theoretic importance. 

The one set includes the free-swimming genera SalJ>a and 
Doholum, together with the aberrant deep-water genus 
Octacnenws \ the other, a few active free-swimming forms, 
which exhibit throughout life many of the charactenstics of 
the larval Ascidian. Of these, Appendicularia is the most 
familiar type. 

Both Salpa and Doliolum are pelagic in habit, and diffei markedly in 
stiuctiue flora the Ascidians The body is fusiform {Salpa) or banel- 
shaped {Doliolnm), and wholly or partially enciicled by definite muscle 
bands, \shich leplace the scattered fibres of the Ascidians. The mouth 
IS at one end of the body, and the atrial aperture at the other; the 
animals swim b} foicing the water out of the penbranchial chamber 
posteriorly Many of the most marked signs of specialisation in the 
Ascidians are heie absent. Thus the test may be, as in Dohalum^ \ery 
thin and devoid of cells, and the bianchial sac is relatively simple m 
structiue ; the cilia on its walls aie never so impoitant in producing the 
respiratory cuirent as in the Ascidians, and the gill-shts may be few ra 
number, or, as in Salpa, may be lepiesented by two large holes in the 
walls of the phai3mx Furthei, the hermaphioditism is modified by the 
occurrence of veiy marked piotogyny, and the ova are never numeious 
— in Salpa each sexual individual usually piodiices only one. 

On the other hand, the development exhibits marked alternation of 
geneiations, both sohtaiy and colonial forms being included in one life 
history. 

In Dohohim the feitihsed egg gives rise to a tailed laiva, vv'hich 
develops into an asexual ‘‘nurse,” possessing the power of budding (cf. 
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Compound Asadians) The vential stolon of the muse gives rise to a 



Fk» 244. — ‘‘Nurse” Dohohtm vmlhri — After Uljanin 
1 , Inhalant, E , e\halant aperture ; C > ciliated band round 
pharynx (P ) , En , endostile , O , “ otocyst ” , N , nerve-gang- 
hon , H , heart , CE , oesophageal opening , I) , stomach , A , 
anus , Cl , cloaca , DO , dorsal organ , M , muscle bands 

numbei of primitive buds, which migiate over the body until they reach 
a dorsal outgiowth, appaiently well supplied with blood. Here they 



Fig 245. — Sexual individual of Dohohmi nmlleyi — 

After Uljamn 

G , gonads , B , gill-slits , other letters as before The unlettered 
reference line points to the stomach 

fix themsehes and divide up to form three senes of buds — two lateral 
and one median. All these buds develop into individuals belonging to 
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the sexual generation, but only a few become tiul> sexual The two 
lateral senes develop into nutntive forms, which supply the nurs-e with 
food. The nurse itself loses its ahmentaiy and respiiatory organs, and 
becomes a mere organ of locomotion The median buds de\elop into 
“foster mothers,” which ultimately go free, bearing wnth them other 
buds destined to develop into the solitau- sexual forms In these, first 
o\a and then spermatozoa are produced, which start the life c\cle afiesh. 
It IS thus obvious that there is considerable division of laboui in the 
sexual form, accompanied by pol}nnorphism , the whole piocess presents 
some curious analogies to the conditions seen in the Oelenteia. 

In Salpa the single egg is fertilised ivithin the Ijod} of the mothei, 
and becomes attached to the wall of the penbianchial chambei. Here 
the developing egg is nourished by means of a “placenta,” and the 
development is in consequence much abbreviated, the tailed larxanot 
being represented This embiyo gives rise to a solitai} “nurse”' form, 



Fig. 246. — Diagram oi Salpa afruana. 

o,a , Oral aperture , d t , dorsal tubercle , ie , tentacle ; ^ , ganglion , m , 
muscle bands , atr , atrium , ^ z/ , blood-vessel , an , anus , a a , 
exhalant aperture , 2; n , visceial nucleus , h , heart , si , stolon , d R 
dorsal lamina , E , endostyle , sng ^ sub-neuial gland , ph , pharin\ , 
p P b , pen-pharyngeal band 

which by budding produces a chain of embryos. This chain is set fiee, 
its members become sexual, and, either while still united or after 
separation, give nse to the eggs which develop into the nurse form. 

The remaining order of Tumcates includes minute simplified forms 
like Appendicularza, also pelagic m habitat, but without an> power of 
budding, and never forming colonies These foims have a distinct tail, 
which IS bent at an angle to the body, and is the mam organ of locomo- 
tion. The mouth is at the anterior end ; the anus, w hich is distinct 
from the atrial openings, is at the root of the tail. These atiial openings 
he slightly behind the anus, and are merely small ectodermic in\ agina- 
tions communicating with the two gill-slits of the phaiynx. They 
correspond to the similar invaginations m the Ascidian laiva. The test 
may form a large investing “house,” but it does not contain cells, and 
IS periodically cast and renewed. The impoitant points as regaids 
internal structure are the presence of the notochord throughout life, and 
the structure of the neivous system. The latter consists of a lobed 
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ganglionic mass abo\e the mouth, and a doisal neive-coid extending 
backwaid fiom this into the tail, wheie it is fiiinished with othei 
ganglia. In connection with the ceiebial ganglion theie is a pigment 
spot, an otoc}st (aiiditoi} ^), and a Uibiilai piocess communicating with 
the phannx, and coiiesponding to the sub-neuial gland and the ciliated 
duct of other Tumcates. We ha\e alieady noted the simple stiuctuie 
of the phai}n\, which has but two gill-slits communicating directly with 
the extenoi. The same simplicit} of stiuctuie is obseivable m the 
heait, wdnch is without an} associated vessels The heimaphiodite 



Fig 247. — Anatomy of Appendtcularia — Aftei 
ilerdman. 

s 0 5 Sense organ , b} , bianchial aperture , at , doisal tubercle , ot , 
otocYst , n g y nerve ganglion , pp , peripharyngeal band , n , 
ner\ e-cord , ce , oesophagus, st , stomach, oz> , ovarii, fas , 
testes , 2 , intestine . h , heart , ti , urochord, cut at v! , n g' , 
n g^^ , nerve ganglia of tail , 'tP , muscle band ; app , tail cut 
through , rt , anus ; , one of the atnal apertures ; cud , endo- 
stjle. 

reproductive organs he posteriorly, and open to the exlenoi by a 
very fine duct on the dorsal surface As contrasted with Salpa and 
Doliolum^ the animals are piotandrous, and not protog}nous. The 
de\ elopment is unknown 


Classification,— 

Oidei I Larvacea 

Fiee-sw miming, pelagic, and solitaiy forms provided with a laige 
locomotor tail containing a notochoid The phaiynx opens to the 
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exterioi by tuo \ential ciliated slits, and theie is no penbranchial 
chamber The nervous system extends into the tail region A 
relatively laige cuticular ‘'house’' is formed as a secretion lound the 
animal ; it is periodically cast off and rapidly leplaced. The house acts 
as a most efficient filtering apparatus foi capturing minute diatoms and 
piotozoa upon which the animal feeds The Larvacea or Appendicu- 
larians are of special mteiest because they show little or no degeneration, 
and retain thioughout life the choidate characters which other Tunicates 
lose during metamorphosis Appcndiciilana^ Oikoplvtira^ FjAdlaiia^ 
Megalocei ais, KowalevsUa 

Older 2 Ascidiacea 

Ascidians which may be fixed oi free, simple or colonial, but which 
m the adult have no tail and no tiace of notochord Theie is a large 
branchial sac opening by many slits into the penbranchial chamber, 
which communicates wuth the extenor by a single opening. Theie is 
a permanent and well-developed cuticular test into which cells from 
the body migrate Many have the power of budding, and there is 
frequently altei nation of geneiations 

Sub-order i Ascidise Simplices Solitaiy fixed forms which laiely 
bud , when colonial, each individual has a separate test As- 
cidia^ Phallusia^ Ciona 

Sub-ordei 2. Ascidise Composite. Fixed Ascidians which lepro- 
duce by gemmation, the individuals being embedded in a 
common investing mass Botrylhis^ Polychmtm. 

Sub-order 3. Ascidise Lucim Free-swumming Ascidians which le- 
produce by gemmation to form a colony, having the shape of 
a hollow cylinder, open, at one end There is one genus, 
Pyrosoma, widely represented, especially in tiopical seas 
They are brilliantly phosphoiescent, and some attain a length 
of twelve feet 


Older 3. Thaliacea 

Free-swimming pelagic forms, which may be either single or 
‘'social,” and in the adult aie never provided with tail or notochoid. 
The muscles are in the form of distinct circular bands, which effect 
locomotion by squirting out the water from the body. The test, 
w'hich may be w^ell or ill developed, is always tiansparent The life 
history exhibits distinct alternation of generations, and there is some- 
times polymoiphism. 

(^2) Cyclorayai la. Muscle bands form complete rings. Doholum^ 
A 7 icJuma 

{b) Hemimyana Muscle bands are in the form of incomplete rings. 
Salpa, Oi tiuneimts. 


Relationships 

The questions as to the origin of the Tunicates and the relations of 
the orders are too difficult to be discussed here, but we may note that 
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there are two possible views as to the position of Appendzcularta and 
Its allies. They may be legarded as the slightly modified descendants 
of the primitive Tunicates, fiom which the Ascidians have diverged in 
the direction of degeneration, or as prematurely sexual larv£e derived 
from an already degiaded Ascidian-like form. Both views have had 
supporteis, and the one adopted materially affects the general method 
of regarding the gioup 

In any case the Lar\acea retain peisistently a number of characters 
which were piobably possessed by the primitive Timicata. 

There are several resemblances betw'een Tunicates and Lancelets 
(see the next chapter), eg the lelatively large respiratory pharynx and 
the peiibranchial cavity, but this probably does not mean more than 
that both groups aiose from a common stock of primitive chordate 
animals 



CHAPTER XIX 

PHYLUM CHORDATA 

SUB-PHYLUM CEPHALOCHORDA 

{Synonyms — Acrania, Leptocardii, Pharyngobranchii) 

This small sub-phylum includes about sixteen species, 
popularly known as lancelets. The type represents an 
offshoot from the primitive Vertebrate stock, lost, it is to 
be feared, for ever , but while some authorities regard it as 
a pioneer-type and as a far-off prophecy of a fish, others 
hold It to be degenerate — a ‘‘weed in the Vertebrate 
garden.” It is possible that both views are right, and that 
the lancelet is a somewhat degenerate pioneer. 

General Characters 

There is a dorsal tubular nerve-cord^ but no well-defined 
brain region. The notochord is persistent a?id unsegmented j 
it IS surrounded by a continuous sheath,^ and projects in a 
unique nianjier i?i fro7if of the anterior end of the ?ierve-cord 
In the adult the gill-slits are very nimierous^ a9id open into a7i 
atrial or peribraiichial cavity. The body wall is built up of 
over fifty 7nyoto77ies From Fishes,^ the laizcelets are widely 
reifwved by the absence of limbs^ skull^ jaws, differentiated 
brain, sympathetic nervous system, eye, ear, definite heart, 
spleeii, and ge7iital ducts. There are 7iU77ierous separate 
nephridia. The goiiads are 7iumerous aiid arra7iged seg- 
77ie7itally. The la7n)al for 771 is strangely asyniinetrical and 
the larval period is prolonged. The species have a wide 
distribution, like many oldfashioned animals. They occur 
7iear the coasts in warm and temperate seas, are sluggish in 
habit, and feed on microscopic organisms or organic particles. 
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Amphioxiis lanceolatiis, the best-known species 

Mode of life.— The lancelets are fond of lying in the 
sand in water about two fathoms deep, with only the fringed 
aperture of the mouth projecting 'Fhey feed on diatoms 
and other small organisms, which are sucked into the 
mouth. At times, especially in the evening, the adults start 
up and swim about, but they are never so active as the 
larvae. The early embryo is pelagic It is of interest to 
note that along with lancelets, specimens of the Annelid 
Ophelia are often obtained , they closely resemble lancelets, 
not only in shape and size, but also in the way they burrow 
and swim. 

Form. — The body, between and 2 in in length, is 
pointed at both ends, as the names suggest. The living 



Fig 248 — Lateial view oi A mphoxus — Aftei Ray Lankester. 

The notochord runs from tip to tip 
/ , Tentacular cirn , G , reproductive organs , a , atriopore , 
a , position of anus , 40 and 62, indicate number of otomes 


animal is translucent, with a faint flesh colour, and is much 
plumper than a spirit specimen. The muscles are arranged 
m sixty-two segments or my otomes. There are three un- 
paired apertures — (a) the median, ventral, pre-oral hood 
overarching the true mouth, and fringed with tentacle-like 
cirri ; (h) the atriopore in myotome thirty-six, giving exit to 
the water which enters by the mouth; {c) the anus, ventral 
and slightly to the left, behind the_ atriopore, but some 
distance from the posterior end of the body. Along the 
back there is a median fin, which is continued around the 
tail, and along the ventral surface as far as the atriopore 
In front of this region the ventral surface is flattened, and 
fringed on either side by a slight fin-like “ metapleural ” 
fold These folds are continuations downwards of the walls 
of the atrial or branchial chamber, which extends from 
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behind the mouth to the atriopore, and into which the gill- 
slits of the pharynx open in the adult 

Skin. The epidermis consists of a single la}er of cylin- 
drical cells. Some of them project slightly from the surface, 
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Fig. 249 — Trans\erse section through phaiyngeal region of 
AmpkzojLm . — Aftei Ray Lankester. 

sp c , Spinal cord ; nc/i , notochord, beneath which he the two dorsal 
aortas, ?«., myotome, acp, atno-ccelomic funnel, opening 
into sub-chordal coelom , C , caecum , G , a genital sac with 
ova , mp , metapleural fold , atr.^ atrial cavity ; Pk , pharynx, 
with dorsal and ventral grooves, and bars between gill-slits 
IM ote m the primary bars and in the ventral groove the small 
coelomic spaces The ectoderm is dark throughout 


and are connected at the base with nerve-fibres. These are 
sensory cells, and may be compared to the cells of the 
lateral line in fishes and tadpoles. Here, however, they 
are scattered over the surface of the body, though especially 




462 


SUB- PHYLUM CEPHALOCHORDA. 


abundant on the buccal cirri The epidermis lies upon a 
thin layer of clear cutis. 

Beneath this theie is a layer of fine tubes, which unite m a longitudinal 
canal running along each metapleiiral fold These metapleuial canals 
are said by some to arise in development by a splitting of an oiiginally 
solid mass (schizocoelic) ; but it seems more probable that they aie 
moiphologically portions of the tiue coelom — ventro-lateial extensions 
of the " collar-coelom (enterocoelic) 

Skeleton. — This is slightly developed, for there is not 
only no bone, but the material is not even definitely 
cartilaginous. 

(a) The notochord runs from tip to tip. It consists of 
vacuolated cells, and the supporting power is probably due 
to their turgidity, as in many vegetable structures Its 
anterior extension beyond the end of the nerve-cord is 
particularly characteristic 

{h) The pharynx is supported by chitinoid bars, which 
border the numerous gill-slits. There is also a series of 
paired plates underlying the mid-ventral groove. 

(4 The margin of the pre-oral hood contains a supporting 
ring, segmented into about two dozen pieces, each of which 
sends a process into the adjacent cirrus. 

Oonnective tissue. — The sheath which envelops the 
notochord and is continued round the nerve-cord, the septa 
of connective tissue (myocommas) which divide the muscle 
segments, and the numerous fin rays ” which support the 
dorsal and ventral fins, may be noticed here. 

Muscular system. — The sixty-two muscle segments, myo- 
tomes, or myomeres, are dovetailed into one another like a 
succession of V-shaped plates, and are particularly strong 
dorsally. These produce the side-to-side wriggling move- 
ments by which the animal swims. On the ventral surface, 
between the mouth and the atriopore, there is a transverse 
set of fibres, which help to drive out the water from the 
atrial cavity. Other muscles occur in the region of the 
mouth, and elsewhere. Nearly all the fibres are striated. 

Nervous system. — The dorsal nerve-cord is shorter than 
the notochord, and has no definite brain. In the anterior 
region, however, there is some differentiation in minute 
structure, and the central canal widens out to form the so- 
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called cerebral vesicle, which m the larva communicates 
with the exterior by a pore (the neuropore). From the 
nerve-cord there arise two sets of nerves, dorsal and ventral 
Of these the two anterior pairs of dorsal nerves, which go to 
the pre-oral hood, are called cranial, and do not correspond 
to the myotomes Behind these a pair of dorsal nerves 
arise at each myotome, but, as is the case with most of the 
other segmentally arranged parts of the lancelet, the 
members of a pair are not directly opposite to one another. 
The ventral nerves are absent in the region of the twm first 
pairs of dorsals, and behind this they divide up into many 
minute fibres just as they leave the nerve-cord. The two 
sets of nerves are compared respectively to the smgle-rooted 
sensory dorsal nerves, and to the many-rooted motor ventral 
nerves of higher Vertebrates. But the dorsal nerves of 
Amphioxus supply the transverse muscles as well as the 
skin, so that they must be partly motor. Furthermore, 
there is no connection between the two sets, and the dorsal 
nerves have no ganglia, except in so far as these are repre- 
sented by aggregations of nerve nuclei. Nor are there any 
sympathetic ganglia. 

The nervous system of the lancelet is thus very divergent from what 
IS tjpical for Vertebrates • — (i) A brain is almost undeveloped ; (2) the 
ventral roots far outnumber the dorsal roots ; (3) the two sets of roots 
do not unite ; (4) the dorsal nerves are partly motor ; (5) there aie no 
spinal ganglia ; (6) there are no sympathetic ganglia. 

The anterior region of the nerve-cord exhibits some histological dis- 
tinctiveness ; and with it the following structures are associated — 

[a) Slightly to the left side there is a ciliated pit, often called 
olfactoiy. It arises from an ectodermic invagination in the position of 
the neuropore or original anterior opening of the nerve-cord. Below 
this there is a minute diverticulum from the front dorsal wall of the 
nerve-cord. 

(^) At the end of the nerve-cord there is a pigment spot, sometimes 
called an eye-spot. There are no true eyes, but numerous regularly 
arranged pigment spots on each side of the spinal cord appeal to be 
optic. 

(c) On the roof of the mouth there opens a small sac, the pre-oral pit, 
which may have a tasting or smelling function. 

It is likely that the most important sensory structures of the adult are 
the sensitive cells of the epidermis. The feeble development of sense 
organs may be associated with the almost sedentary habit. 

Alimentary and respiratory systems. — The true mouth 
lies within the projecting pre-oral hood. It is surrounded 
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by a membrane called the velum, 
and IS fringed by twelve velar 
tentacles, which must not be 
confused with the external cirri. 
In the larva the hood is absent, 
and the mouth is flush with the 
surface 

The mouth opens into the 
pharynx, \vhich, like it, is richly 
ciliated. The pharynx, like that 
of Tunicates, and indeed of 
Fishes also, is modified for re- 
spiration (Fig. 249, Ph ). Its 
walls are perforated by numerous 
gill-slits on each side, and be- 
tween these he supporting bars 
alternately split and unsplit at 
their lower ends. 

Along the mid-dorsal and mid- 
ventral lines there are grooves, 
respectively called hyper- and 
hypo- branchial The latter is 
comparable to the endostyle of 
Ascidians, by which name it is 
often called. As in Ascidians, 

Fig. 250. — Development of atiial cham- 
bei m Afjiphtoxits — After Lankester 
and Willey 

In I the metapleural folds are seen sending 
a slight projection inwards. In II the two 
projections have united and enclose a small 
space {A ^ )j which is the rudiment of the 
atrial chamber In III this space is enlarg- 
ing at the expense of the ccelom. which it 
pushes up before it A comparison of this 
figuie with the cross-section of the adult 
(B’lg 249) will show the relation of coslom 
and atrial chamber 

FK , coelomic space within dorsal fin , AL , 
gut ; 6' , coelomic space of metapleural fold , 
MP , metapleural fold , SA /' , projection 
which forms floor of atrial chamber , AO , 
aorta , B.C , coelom , S f V ^ sub-intes- 
tmal vein , N , nerve-cord , SH , sheath of 
notochord, MV, myotome, C, remains 
of myocoel; AJ'., atrial chamber The 
dotted line indicates the mesoderniic wall 
of the coelom. 
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two ciliated bands — the peripharyngeal bands — encircle the 
anterior part of the pharynx. 

The water-current which enters the mouth is, as m 
Tunicates, connected both with respiration and nutrition. 
The food particles, entangled in mucus, are said to pass 
backwards along the hyperpharyngeal groove, the water 
passes down the pharynx, through its numerous gill-slits 
to the atrial chamber, and so to the exterior by the single 
atriopore In the laiva the gill-slits are few in number, and 
open directly to the exterior , in the adult they are con- 
cealed by the atrial chamber, and have greatly increased m 
number, there maybe more than 100 pairs. The water- 
currents are kept up by the cilia, probably assisted by the 
transverse muscles 

The fiist sign of the development of the atrial chambei is the appear- 
ance of two lateral folds on the body wall, which form the metapleuial 
folds of the adult On their inner apposed, but not united, surfaces, 
two iidges appear. These grow towards one anothei and unite, leaving 
only the atriopore open. Thus the floor of the atrial cbambei (Fig 
250, 11 .) IS produced The chamber, as first formed, is a tube with a 
very small lumen, but, secondanly, it becomes enlarged, and extending 
upw^ards and inw^ards, constricts the ccelom, until it comes almo^t to 
suiround the gut The atiium eventuall> becomes a cavity, crescent- 
shaped in cioss-section, sunoundmg the pharynx and extending back- 
wards as a blind pouch on the right side of the intestine At the •,amc 
time, the metapleuial folds increase in size until they assume the adult 
appearance (Fig 250, III ). Duiing these piocesses the originally few 
gill-slits have been increasing in numbei, both by the addition of new 
slits and by the division of those first formed The division is eflected 
by the downwaid growth of a secondaiy bar or tongue-bai in the 
middle of each slit The primary bars diffei fiom these tongue-bars 
m being split at their lower ends, in enclosing a crelomic space, and 
in some other respects 

The pharynx opens into the intestinal region of the gut, 
which IS straight and simple. Near its commencement a 
pouch-hke “liver'' or csecum (Fig. 249, C) arises, and 
extends forwards on the right side of the pharynx. The 
anus is some distance from the end of the body (cf. Fishes) : 
in the larva it is close to the caudal fin. 

Body cavity. — This can only be understood when its development 
is studied (see Fig. 254). It is a fine example of what is called the 
etiierocalic mode of origin From the archenteron of the embrjo a 
hollow ridge grows out on each side, and becomes almost at once 



Gs, 251 and 252 — Thenephiidia of Amphioj(.us —Aftei Bo\en. 

Both figures are lateral views of the upper region of the pharynx the 
bod> wall hemg removed In the upper figure the atrial 
chamber is laid completely open by the removal of its outer 
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segmented into a senes of small sacs The^e lie one behind the other, 
and lose all connection \uth the gut. Each ultimatel} duides into tv\o 
— a doisal thick-walled portion, and a \entrai thin- walled portion 
The dorsal portions form the body iniisciilatuie, and retain their seg- 
mentation Then ca\it}, the myocrel, peisists to some extent m the 
adult, forming the system of lymph spaces and canals which he below 
the cutis In the \ential portions the septa disappear, and the enclosed 
spaces, bounded by somatic mesoderm and splanchnic mesoderm, unite to 
foim the “ splanchnocceE' which smioimds the gut In the adult this 
space IS 1 educed antenorl> to small spaces and ccelomic canals, by the 
development of the atrial chamber (see Figs 249 and 250). The 
crclomic spaces and canals contain coagulable fluid, and repiesent the 
lymphatic system of higher forms. 

Besides the mam trunk portion of the ccelom, there is an anterior 
portion, which is separated off from the vei} front of the gut, and is then 
divided into two cavities The nght becomes the cavity of the snout 
in the larva, but is almost obliterated m the adult The left becomes 
the pre-oial pit This anterior coelom pouch may conespond to the 
head ccelom of BaIa 7 toglosstts, and to the bilobed head ca\it\ w^hich lies 
beneath the eyes of fishes, and foims most of the e)e muscles. 

Thirdly, there is a pair of pouches, which form the first pair of 
muscle segments, and are continued out into the atiial folds. These 
ma} coirespond to the collar ccelom of Balanoglosnis (MacBnde). 

Two brown canals or atiio-coelomic funnels discoveied by Professor 
E. Ray Lankester open into the dorsal part of the atnum about the 
level of the junction between pharynx and intestine, while their 
antenoi ends project into the dorso -pharyngeal ccelom about the 27th 
myotome They are probably diveiticula of the atiium. 

Circulatory system. — The blood is colourless, with a 
few amoeboid cells. There is no definite heart, but the 
branchial artery is rhythmically contractile. 

This branchial artery lies in the portion of the body cavity which is 
enclosed by the endostyle, and is the anterior continuation of a large 
hepatic vein from the cmcum. From the branchial arterj a senes of 
smaller vessels arise, which pass up the primary gill-bars, and also 
supply the tongue-bars. These unite on the dorsal surface of the 


wall, which IS cut through along its line of insertion The result 
is to show that the chamber is prolonged dorsally into a series of 
bays {b ), \ihich he on the surface of the tongue-bars {t b) Into 
these bays each of the nephndia (« ) opens by a pore {0 ), while 
they also project internally by blind funnels {f }, fringed by very 
large solenocytes (c) The ba^s are separated b> ridges (d), 
formed by a downgrowth of the walls of the ccelom over the 
primary bars (T ^ > A m;y otome , sy , one of the sjnapticula 

connecting the pharyngeal bars 

The lower figure is a more superficial view, to «how the blood vessels 
which form an anastomosing plexus (c.) over the vails of the 
nephndia (.n^h ) d ^ Dorsal aorta, cc?., coelomic space within 
primary bar, h.v ^ blood vessel of secondary bar, m., cut edge 
of the w all of the atrial chamber , other letters as before. 
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phaiynx tu foim the right and left dorsal aortx, which join at the 
hmdei end of the phaiynx to form a single vessel running backwaid 
over the intebtine, and breaking up into capillaiies on its wall From 
the light doisal aoita theie aiises a complex of vessels supplying the 
anteiioi legion Fiom the capillaries of the intestine the blood is 
collected in a sub-intestmal vein, which again breaks up in the 
cujcum The ciicle is completed b} the capillaiies which form the 
hepatic vein The course of the circulation is essentially that of a 
Veitebiate 

Excretory system. — Boveii has described an elaboiate system of 
about ninety pairs of neph idia lying m the dorso-lateral wall of the 
phai)nx. 'Ihey are short tubules, with a single opening into the 
atiial cavity. On the innei aspect theie aie a number of blind funnels 
pi ejecting into the body cavity. On these funnels are set a number 
of solenocytes (like those on the nephridiuin of some Polychsetes), 
which are long tubular cells (Fig 251, c ), closed above by a knob con- 
taining the nucleus, fiom which hangs down a long flagellum The 
vessels of the primaiy gill-bars and of the tongue-bars form an anasto- 
mosing vascular plexus, called a glomeiulus, over the tubules. In 
numbei the tubules coi respond to the primary gill-clefts, and are 
therefoie in origin segmental structuies. They aie regaided by their 
discoverer as equivalent to the pronephric tubules of Veitebrates. 
They develop from the mesoderm. 

Reproductive system. — The sexes are separate and similar. 
The organs are very simple, and without ducts. They form 
twenty-six pairs of horseshoe-shaped sacs, lying along the 
inner 'wall of the atrial cavity in segments ten to thirty-five 
on each side (Fig. 248, G.). Each lies in a “genital 
chamber ” formed m development by constriction from the 
cavity of the myotome. 

In the mature female the ovaries are large and con- 
spicuous ; the ova burst into the atrial cavity, whence they 
pass out by the atriopore. 

The testes are like the ovaries, the spermatozoa burst 
into the atrial cavity, and pass out by the atriopore The 
eggs are fertilised in the surrounding water. 

Development. — The fertilised ovum is about in. in 
diameter. The segmentation is complete and almost equal 
(Fig. 253). The first cleavage is vertical, and divides the 
ovum into two equal parts ; the second is also vertical, 
along a meridional plane at right angles to the first, and 
the result is four equal cells. The third cleavage is equa- 
torial, and gives rise to four larger cells (or macromeres) 
below or towards the vegetative pole, and to four smaller 
cells (or micromeres) above or towards the animal pole. 



DE VELOPMENE 


469 


The blastosphere, which is the final result of segmentation, 
mvaginates to form a gastrula. 

Along the mid-dorsal line of the gastrula the ectoderm 
cells sink in slightly so as to form a groo\e This is the 
medullary groove, which here follows an unusual course of 
development. Instead of immediately closing to form a 
canal, the groove sinks inwards, and the lateial ectoderm 
grows over it before closing takes place. Later, the groove 
forms the medullary tube, which opens posteriorly into the 



Fig. 253 — Eaily stages in the development of Atnpktoxits, 

— Aftei Hatschek 

I Ovum with germinal \esicle, 2 four-cell stage; 3. external 
appearance of blastula , 4 blastula in section , 5. beginning of 
gastrula stage ; 6. section of completed gastrula. 

gut by a “neurenteric canal,” and to the exterior by the 
anterior neuropore (Fig. 254). 

The cavity of the gastrula — the archenteron — becomes 
the gut of the adult, and gives nse to the coelomic pouches. 

The notochord arises along the mid-dorsal line of the 
archenteron ; its forward extension is secondary. 

During the early part of larval life the ectoderm cells, 
including those forming the medullary canal, are ciliated. 
At this stage the larva is much more active than the adult. 
The later larvse are more sedentary, lying much on the 
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light Side, and they are strongly asymmetrical. The mouth 
is placed at the left side; the gill-slits of one side appear 
considerably before those of the other, the primitive seg- 
ments of one side are not opposite those of the other, and 
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Fig. 254. — Sections thiough embryos of Amphioxus^ to 
illustrate development of body cavity 

On the upper line, three longitudinal sections , on the lower line, 
three transverse sections ec , Ectoderm , e?i , endoderm , a , 
archenteron , ps, primitive segments (proto\ertebr8e) , nc , 
nerve-cord , posterior end , np , neuropore , ne c , neuren- 
teric canal , m p , medullary or neural plate , c/i , notochord , 
ep , s'planchnocoel — above it is the m]jfOcoel 

so on. By the process known as the symmetrisation ” of 
the larva, the apparent symmetry of the adult is produced 
The adult position of the anus and of the olfactory pit, 
both to the left side, and the position of the unpaired liver 
diverticulum, show how partial this process is. 
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Eo^ pel I mental emh 7 yology — As an illustration of expeiimental em- 
biyolog} , and of the developmental potentiality of the eaily segmentation 
cells, reference may be made to the experiments of Professoi E B. 
Wilson 

B} shaking the water in which the two-celled stages floated, Prufessoi 
Wilson separated the two celE, and the result was two quite sepaiate 
and independent twins of half the noimal size Each of the isolated 
cells segments like a noimal ovum, and gives origin, thiough blastula 
and gastriila stages, to a half-sized metameiic lai\a 

If the shaking has separated the tw^o first segmentation cells incom- 
pletely, double embryos — like Siamese twins — result, and also foim 
short-lived (twenty-foui houis) segmented larvie 

Similar expeiiments wnth the four-celled stages succeeded, though 
development never continued long after the fiist appearance of meta- 
mensm Complete isolation of the four cells lesulted in four dw'arf 
blastul<3e, gastrulte, and e\en larvje. Separation into two pairs of cells 
resulted m two half-sized embn^os Incomplete separation resulted in 
one of three types — (<z) double embiyos, ((^) tuple embryos — one twice 
the size of the other two— and (c) quadi uple embr} os, each a quarter 
size. 

Isolated blastomeres of the eight-celled stage never formed gastiuLe. 
Flat plates, curved plates, even one-eighth size blastuL-e were formed, 
but none seemed capable of full de\ elopment 

Thus a unit from the four-cell stage may form an embiyo, but a unit 
from the eight-cell stage does not P'or vaiious reasons it seems likely 
that this is due to qualitatne limitations, not meiely to the fact that 
the units of the eight-cell stage aie smallei. Foi although the sepaiated 
cells of the eight-cell stage have considerable \itahty, and swum about 
actively, the difference between macromeres and miciomeres has by this 
time been established; m fact, the cells have begun to be specialised, 
and have no longer the primitive completeness, the absence of differentia- 
tion, which explains the developmental potentiality of the separated units 
of the tw'o -celled or four-celled stages 

Somew'hat similar experiments have been made by other investigators 
on the developing ova of Ascidians, sea-urchins, etc Specialisation of 
segmentation cells appeals to occui at different times m different animals, 
but It is illogical to infer the absence of specialisation from the fact that 
any of the first four blastomeres, let us say, can produce an entire embry^'o 
For specialised cells may letain a pow’ei of regeneration 


Relations of Amphioxus and Tunicates 

The above account of Amphioxus will in its details 
recall to the student the description of Tunicates. It is 
indeed remarkable that the resemblance should be so much 
stronger in minor anatomical points than in broad outline, 
but this is m part explained by the very marked degenera- 
tion displayed by the adult Ascidians. 
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The following important resemblances should be noticed . 
— In both cases the walls of the pharynx are perforated by 
numerous slits, which open, not directly to the exterior, but 
into an atrial oi peribranchial chamber, formed from the 
ectoderm, and with a single external aperture. In both, the 
pharynx has a distinct ventral glandular endostyle, and a 
dorsal fold (Tunicates) or groove {Ainphioxiis), connected 
anteriorly to the endostyle by means of a ciliated band, 
the process of food-taking seems also to be similar. 

On the other hand, the Ascidians differ from the lancelets 
in many ways, eg the sessile habit, the presence of the 
test, of a heait, and of genital ducts, the absence of seg- 
mentation, of nephridia, and any trace of coelom m the 
adult, the U-shaped alimentary canal, the power of budding, 
so common in sedentary animals; and the hermaphroditism. 

The detailed study of development yields similar series 
of facts — marked resemblances coupled with marked 
differences, among the latter, the absence in Ascidians of 
the segmented ccelomic pouches of lancelets is especially 
noteworthy. In spite of these differences, most morpho- 
logists are agreed that the resemblances are due to true 
homology, and that lancelet and Tunicates are descended 
from a common ancestor, which was at least nearly related 
to the forms from which the true Vertebrates sprang. 

In strict usage the name A7?iphioxus should be replaced by 
Branckzostorjia^ and another genus, Asymznetron, with unisenal (right) 
gonads and asymmetrical metapleura, should be recognised. 
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STRUCTURE AND DEVELOPMENT OF 
VERTEBRATA 

The obvious distinction between higher and lower animals, 
between the backboned and the backboneless, was to some 
extent recognised by Aristotle over two thousand years ago. 

Yet it was not till 1797 that the line of separation was 
drawn with firmness — by Lamarck 

But the doctrine of descent — the idea of organic evolu- 
tion — which Darwin made current intellectual com in 1859, 
suggested inquiry into the apparently abrupt apartness of 
the group of Vertebrates. 

The inquiry bore fruit in 1866, when the Russian 
naturalist Kowalevsky worked out the development of the 
Vertebrate characteristics of AijipMoxus^ correlated this 
with the development of Ascidians, and discovered the 
pharyngeal gill-slits of Balanoglossus. Thus the apparent 
apartness of the Vertebrata was annulled. 

General Characters 

Vertebrates are ccelomate Metazoa^ with a segmental aiTange- 
ment of parts. The central nervous system lies in the dorsal 
median line.^ and is tubular in its origin. A skeletal rod or noto- 
chord, formed as an outgrowth along the dorsal median line of 
the primitive gut, is always present in the embryo at least, but 
tends to be replaced by a meso dermic axial segmented skeleton — 
the backbone. Pharyngeal gill-slits, which may or may not per- 
sist in adult life, are always developed, hut above Amphibians 
they are restricted to embryonic life, are not directly functional, 
and have no associated gill-lamellce. The heart is ventral. The 
eye begins its development as an outgrowth from the brain. 
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Segaienla- Thiee piimiUve Veiy indistinct. Well maiked in miiscu- Well niaiked, especially 

tion. segments latuie, nepliiidia, etc. in embiyos. 
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General Classification of Phyhwi Chordata 


f Carinatae (flying) 

Class J Odontolcas (extinct) 

Biivus j Ratitae (running) 

! Saururte (extinct) 

,j^CrocodiIia (crocodiles, 


Class 

Reptiles 


etc ) 

! Ophidia (snakes) 

I Lacertilia (luards, 

I etc ) 

j Rh> nchocephalia — 

I S/>/ienodoH 
I Chelonia (tortoises, 

' etc ) 

1 Extinct Reptiles - 
I (many orders) 


Sauropsida 


Class ^IxMMALS 

3 Eutheiia, Placentalia, !Munodel- 
phia the higher placental 
mammals 

2 Metatheria, Marsupialia, Didel- 
phia : Kangaroos, etc , > oung 
born precociausl;^ , usually nur- 
tured in pouches 


Prototheria, Monotremata, Or- 
nithodelphia . ovdparous, Otm- 
thorhynchiis and Echidna. 


Mammalia. 


Amniota, embryos with amnion and allantois. 


Class j 

Fishes — t g Dipnoi (double-breath- j Class 

ing mud-fishes) — I^Amphibians — 

Teleostomi (modern bony j Anura (tailless frogs, etc ) 


fishes and “Ganoids”) 
Elasmobranchii (skate, 
shark, etc ) 


Urodela (tailed newts, etc ) 
Gjmnophiona (worm-like Cm- 
ci/ia, etc ) 

Extinct Stegocephali (Laby- 
rinthodon, etc ) 


Ichthyopsida (fishes and amphibians). 


Class Hypostomata (extinct) 

Class CyclostomalTa (Round Mouths), without true jaws 
Myjcine., hag-fish. Peirowyzon^ lamprey 


Sub-Phylum Cephalochokda — Ainphi- 
oxu<i or Lancelet 


Sub-Phylum 
Ukochorda or 
Tunicata 


I 


(sea- 


t Salpa type 
j Ascidian type 
squirts). 

I A ppendiculana (lar- 
val type persistent) 


Surviving offshoots of ancestral Vertebrates- 
Phylum Hemichorda or Enteropneusta (offshoots of incipient Vertebrates'^) 
Batanoglossus, etc ; probably Cejphi^todiscus ; possibly RhabdopUura. 


Ancestry of Vertebrates 

It IS not at present possible to trace the path along which Vertebrates 
t)ave evolved, though our faith in the doctrine of evolution — a3 a inodal 
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theory of origins — leads us to believe that Vertebrates aiose from foims 
which weie not Veitebiates. 

But even when we recognise that Am/>/izojiiis is a Veitebiate veiy 
simple in featuies, and that the Tunicata, especially in then 

youth, are Vertebiates, we must admit that these aie specialised not 
very piimitne types 

The Enteiopneusta cairy us a little farther back Foi, w'hile many 
of their alleged Vertebrate characteiistics aie debatable, one cannot 
gainsay, for instance, the possession of pharyngeal gill-slits But the 
affinities of the Enteropneusta with In\ertebiate types aie quite 
obscure. 

We have, m fact, to acknowdedge that the pedigiee of Veitebiates 
remains unknowm, though alleged affinities have been discoveied 
among Annelids, Nemerteans, Arachnids, Ciustaceans, Paloeostraca, 
etc There is almost no great class of Invertebrate Metazoa wffiose 
characters have not been ingeniously inteipreted so as to le veal affinities 
with Vertebrates It will be enough to select one illustration 

A 7 i 7 iehd affimties. — Dohrn, Semper, Beaid, and otheis maintain that 
Annelids have affinities with Vertebrates. 

(1) Both Annelids and Vertebiates are segmented animals 

(2) The segmental nephridia of Annelids correspond to the primi- 

tive kidney-tubes of a Vertebiate embryo. 

(3) The ventral nerve-cord of Annelids may be compared (in 

altered position) to the doisal neive-coid of Vertebrates 
Both cords are bilateral, and it is possible that the tubular 
character of the spinal cord and brain is the necessary 
result of its mode of de\ elopment, and without much 
morphological importance. 

(4) Segmentally arranged ganglia about the appendages of some 

Chmtopod worms may correspond to the branchial and 
lateral sense organs of Ichthyopsida, and the ganglia asso- 
ciated with some of the nei\es from the biain 

(5) The formation of the oral part of the pituitary body is 

suggestive of the way in which the mouth of Annelids is 
sometimes formed. Perhaps the pituitaiy body represents 
an old lost mouth and its ancient innervation 

To minor points, such as the red blood and well-developed body 
cavity of many Annelids little importance can be attached 


Structure and Development of Vertebrates 

Having separately discussed the Hemichorda, Urochorda, 
and Cephalochorda, we propose in this chapter to discuss 
the general structure of Craniata and the development of 
some of the important organs. 

Skin. — This forms a continuous covering over the surface 
of the body, serves as a protection to the underlying tissues, 
in some instances retains its primitive respiratory sig- 
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nificance, and is frequently concerned in the excretion of 
waste and the regulation of the body temperature. As one 
or other of its many functions predominates, there are cor- 
responding structural modifications. One function which 
we find oftenest emphasised, at the expense of the others, 
IS that of protection, and yet the extinct Glyptodon, the 
sluggish Chelonia, the decadent ‘‘ Ganoids,” seem to indicate 
that this, in itself, or in its correlated variations, is not con- 
ducive to the continuance of the species. 


The skin includes — 

{a) The epideimis, usually 
in scneial la}eis, the 
outei “homy ’ stratum 
coineum, the inner ac- 
Luely glowing stiatum 
Malpighii, or mucosum ; 
both deiived fiom the 
ectodeim oi epiblast of 
the einbrjo 

{b) The dermis, cutis, 
coiium, or undei-skin, 
denved fiom the meso- 
deiin or mesoblast of the 
embryo 

Fiom the epidermis are de- 
rived featheis, bans, and some 
kinds of scales The deimis, 
as IS natural when w e consider 
Its oiigin fiom the mesoblast 
(mesenchyme) oi vascular layer, 
assists in nourishing these 
epidermic structures In the 
case of feathers and the scales 
of Reptiles, the deimic papilla 
IS of primary^ importance, but 
m the case of hairs it arises 
late and is always small 
From the dermis are derived 



IG. 255 — Transverse section through 
an Elasmobranch embryo (diagram- 
matic) — After Ziegler. 

Ec , Ectoderm , Sc , ■'pmal cord , N , noto- 
chord ; ao , aorta , s d ^ segmental duct , 
Ji , gonad , sc, body cavity , p c , con- 
nective tissue , s i V , sub-intestmal vein ; 
g ' , gut , c V , cardinal vein , , myotome 


the bony shields of armadillos, and a few related mammals, the bony 
scutes of crocodiles and some other reptiles, and the scales of most 
bony fishes. This again is readily explained by the fact that the 
mesoblast is also the skeletal layer of the embryo The ordinary teeth 
of Veiteb rates, as well as the superficial or skin-teeth of gnstly fishes, 
are largely formed from the dermis, but aie usually covered by a thin 
coating of ectodermic enamel. 

The" mesoderm is divided in the embiyo into (i) a series of dorsal 
segments or somites, with a transient cavity (the myocrel), and (2) an 
unsegmented ventral portion or “lateral plate.’’ The dorsal part 
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gives rise to the myotonies forming all the segmented muscles, to out- 
growths into the limbs, to the cutis or dermis, to a sheath round the 
notochord, etc The ventral part gi\es rise to the splanchnic or visceral 
muscles (usually unstriped), to the coelomic epithelium, etc 

Skeletal system. — Apart from the exoskeleton of skin- 
teeth, scutes, shields, etc., the skeleton consists of the 
following parts : — 

The skull and its associated “ arches.” 

(a) Axial The backbone and associated ribs. 

Skeleton. " (The notochord is transitory except 
in the simplest Vertebrates.) 

{l>) Appendicular ( Fore limbs, and pectoral girdle 
Skeleton. } Hind limbs, and pelvic girdle. 

Skull — The notochord grows forward anteriorly as far 
as that region of the brain knowm as the optic thalami 
Around notochord and brain the mesenchyme forms a 
continuous sheath, which is the foundation of the skull. 

As in the case of the notochordal sheath of the trunk 
region, so also here cartilage is formed in the primitive 
membranous cranium. The first cartilages to appear are 
the two parachordals, which lie on the lower surface of the 
head at the sides of the notochord, and the two trabeculse 
lying in front. The parachordals grow round and above 
the notochord, producing the basilar plate, while the trabe- 
culse unite in front to form the ethmoid plate. The 
continuance of the process of cartilage formation, together 
with the addition of cartilaginous nasal capsules in front 
and auditory capsules behind, com.pletes the formation of 
the primitive cartilaginous brain-box or chondrocranium of 
the lower Vertebrates 

Also connected with the head region, and of great import- 
ance, are the visceral or gill arches v^hich loop around the 
pharynx on either side, and separate the primitive gill- clefts. 
At the time when cartilage begins to be formed in the 
membranous cranium, the arches also become chondrified, 
and at the same time divided into segments. 

Of these arches there are never more than nine. The 
most anterior is the mandibular arch which bounds the 
mouth, the second the hyoid , these two are of great 
importance m the development of the skull. The others, 
in Fishes and at least young Amphibians, bound open gill- 
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slits and support the pharynx ; above Amphibians, they are 
less completely developed. 

In the Elasmobianch fishes, the mandibulai and h\oid arches do not 
form any dnect pait of the cartilaginous brain-case^ but in the Tele- 
osteans and thence onwards, the caitilages or bones aiising in connection 
with the mandibular and upper pait of the hyoid arches contribute 
directly to the foimation of the skull The h\oid proper, or lower 
pait of the hyoid aich, foims the skeleton supporting the tongue 
Cartilages arising in the lower pait of the third Msceral aich assist 
in the formation of the h} oid bones of the higher Vertebrates, and parts 
of two other arches appeal to help in foiming the lar}ngeal skeleton of 
Mammals. 

The mandibular aich m Elasmobranchs and frogs divides into a lower 
portion — Meckeks cartilage — which forms the lowxr jaw^ or its basis, 
while from the upper portion a bud grows forward, the pal ato-pter\ go- 
quadrate cartilage, w'hich forms the upper jaw in shaik and skate, and 
has a closer union wnth the skull in the frog. In higher Vertebrates 
the lower portion of the mandibular always foims the basis of the lower 
jawq a quadrate element is segmented off from the upper part, but the 
palato-pterygoid part seems to arise more independently The hyoid 
arch also divides into a lower portion, the h}oid proper' and an upper 
portion, the hyo-mandibular, which may connect the jaws wnth the skull, 
or from Amphibians onwards may be more reinarkabU displaced and 
modified as a columella or stapes connected with the eai 

Returning now’ to the bram-box itself, w^e must notice 
another complication, — the development of “membrane^’ 
bones. If we examine the skull of the skate, we find that 
the brain lies within a cartilaginous capsule ; but this is not 
entirely closed, spaces (the fontanelles) being left in the 
roof, which during life are covered only by the tough skin 
with its numerous dermal denticles ” In the sturgeon, 
again, the small skin-teeth are replaced by stout bony plates 
covering over the cartilaginous capsule. From such super- 
ficial bony plates it is supposed that the “membrane” 
bones, or ossifications in membrane, w^hich form so import- 
ant an element in the skull of the higher Vertebrate, have 
originated. 

In some bony fishes, notably the salmon, w^e find the brain enclosed 
in a double capsule. Inside there is a cartilaginous brain- case in w’hich 
what are called centres of ossification have appeared, and upon this a 
layer of membrane bones is placed, which can be readily removed with- 
out injury to the cartilage beneath. In general, however, w^e must 
recognise that, with the appearance of membrane bones, two changes 
tend to occur,' — first, the cartilaginous cranium tends to be reduced and 
to exhibit considerable openings ; second, in the remaining cartilage 
centres of ossification appear, and we thus have “cartilage’" bones 
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Summary of the Development of the Skull 


Elements | Okkmn ' Results 


I Paijchoidals ' Then piecise Occipital region, with foui bones— basi-occi- 1 
and trabecula;, , relations, t" ^ to pital, two evoccipitals, and a supra-occipital 

aided m some the notochord, (in pait) The basi-occipitil is distinct only in 

cases by the end ' are unknown Reptiles, Buds, and iMammals ‘ 

; of the notochord. I Sphenoidal and ethmoidal legion, with basi- i 

I ' sphenoid and pre-sphenoid (present only in 

I Reptiles, Buds, and Mammals), paired ali- 

j j ; sphenoids and orbitosphenoids, the intei -orbital 

'septum, thelateial or ectoethmoids, the inter- 
^ ' j nasal septum 

I I L Sense capsules , Fromcaitilage j 

j (a) Nasal surroun ding the , (<z) Unite with ethmoidal region 

j (( 5 ) Auditory ectodermic pits I ( 3 ) ]Ma> give origin to five bones —pro-, 

! * which form the'sphen-, pter-, epi-, and opisth- otics, or to the 

! foundation of | single periotic of Mammals. 

I nose and ear j 

III Arches ; ! 

(a) Mandibular These arches, | (zz) Upper part = palato-ptei} go- quadrate 

hkethosewhich ' cartilage of Elasmobranchs, palatine, pterygoid, 
follow them, are I and quadrate bones in the higher Vertebrates, 
supports of the 1 but m Mammals the quadrate is believed by 
pharynx, lying | many to become the incus of the middle ear 
between primit- Lowei part=iMeckers caitilagc— the basis of 
, i\e or persistent the low'er jaw in all animals , the part next the 
j gill-shts. quadrate becomes the articular bone, which m 

Mammals is belie\ed by many to become the 
! malleus of the middle ear 

I (i^) H void arch (zJ) Upper part or h>o-mandibu]ar= the "sns- 

I pensorium” cartilage of Elasmobranchs, the 

, ! hyo- mandibular and syniplectic of Teleosleans, 

j I the columella auris of Amphibians, Reptiles, 

j I and Birds, the stapes of the Mammal’s ear. 

j Lower part=the hyoid proper (caitilage 01 

' bone) 

I IV InvcbUnp Originally of{ 

I membrane bones , the nature of 1 

{a) From the I external bonV (dz) Parietals, frontals, nasals, etc 
' roof of the skull plates, tooth 

( 3 ) On the floor stiuctuies, and [ 3 ] Voraei, paiasphenoid, etc 
of the skull, z e the like 
from the roof of 
the mouth. > ; 

(<:) About the 5 (e) Lachrymal, squamosal, 01 bitals, etc 

sides of the skull 

{if} About the [d) Preraaxilla, maxilla, jugal, and quachato- 

upper jaw . jugal (m part) 

[e] About the (e) Dentaiy,splenial, angular, supra-angular, 

lower jaw jcoronoid 
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formed. Further, in spite of the developmental differences, the mem- 
brane and caitilage bones become closely united to one another, or 
even fused, and there is thus formed “a firm, closed, bony receptacle 
of mixed origin,” as exemplified by the skull of any of the higher 
Vertebiates. 

We may thus say that in the evolution of the skull there 
IS first a cartilaginous capsule, that this becomes invested 
to a greater or less extent by dermal ossifications, and that 
finally the dermal bones lose their superficial position, and, 
fusing with the ossified remainder of the cartilaginous 
cranium, form a complete bony capsule In Cyclostomes 
and Elasmobranchs the brain-box is wholly cartilaginous ; 
above Elasmobranchs the cartilage is more or less thoroughly 
replaced or covered by bones. In the individual develop- 
ment there is a parallel progress. 

The segmentation of the head, in contradistinction to the unseg- 
mented skull, IS expressed, although indistinctly, by the muscle seg- 
ments and by the nerves supplying these, perhaps also by the lateral 
sense organs, the ganglia, and the arches 

There are three pro-otic head-segments (pre-mandibular, mandibular, 
and hyoid), which correspond to the orbital region, their walls forming 
the SIX eye -muscles Behind the auditory capsule there are ten or 
eleven head-segments 

Vertebral column. — A dorsal skeletal axis is character- 
istic of Vertebrata, and its usefulness is evident. It gives 
coherent strength to the body , it is usually associated very 
closely with a skull, with limb girdles, and with ribs; it 
affords stable insertion to muscles ; its dorsal parts usually 
form a protective arch around the spinal cord. 

To understand this skeletal axis, we must distinguish 
clearly between the notochord and the backbone. 

The notochord is the first skeletal structure to appear in 
the embryo It arises as an axial differentiation of endo- 
derm along the dorsal wall of the embryonic gut or 
archenteron beneath the nerve-cord. The backbone, which 
in most Vertebrates replaces the notochord, has a meso- 
blastic origin. It develops as the substitute of the noto- 
chord, and not from it, but from a skeletogenous sheath 
surrounding it. 

According to Kleinenberg, the notochord supplies the 
necessary growth stimulus for the rise of its substitute, the 
backbone. 

31 
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A veilebra generally consists of several more or less 
independent parts the substantial centrum ; the neuial 
arches which form a tube for the spinal cord, and are 
crowned by a neuial spine, the transverse processes which 
project laterally, and the articulai processes. 

The ribs which support the body wall usually articulate 
with the transverse processes, or with the transverse pro- 
cesses and centra. 

Amphibians are the first to show a breast-bone or sternum. 
It arises from two cartilaginous lods in a tendinous region 
on the ventral wall of the thorax, and seems to be different 
from that of higher animals. For the sternum which is 
present in some Reptiles, and in all Birds and Mammals, 
arises from a cartilaginous tract uniting the ventral ends of 
a number of ribs. 

Limbs and girdles. — The pectoral or shoulder girdle 
consists of a dorsal scapular portion or shoulder-blade, a 
ventral coracoid portion, with the articulation for the limb 
between them, and of a forward growing clavicle or collar- 
bone. 

The pelvic or hip girdle consists of a dorsal iliac portion, 
a ventral posterior ischiac portion, with the articulation for 
the limb between them, and of a ventral, usually anterior, 
pubic portion. 

The fore limb — from Amphibians onwards — consists of a 
humerus articulating with the girdle, a lower arm composed 
of radius and ulna lying side by side, a wrist or carpus of 
several elements, a “ hand ’’ with metacarpal bones in the 
^‘palm,” and with fingers composed of several phalanges. 

The hind limb — from Amphibians onwards — consists 
of a femur articulating with the girdle, a lower leg com- 
posed of a tibia and fibula lying side by side, an “ ankle ” 
region or tarsus of several elements, a foot with metatarsal 
bones in the “sole,” and with toes composed of several 
phalanges. 

In Fishes the limbs are fins, 7 e, without digits. 

Distinct from the other bones are a few little sesamoids 
of occasional occurrence, eg. the knee-pan or patella. They 
develop in connection with the tendons of muscles. 

Nervous system. — This includes — (a) the central nervous 
system, consisting of brain and spinal cord, (3) the pen- 
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pheral system, consisting of spinal and cianial nerves ; and 
(r) the sympathetic nervous system 

The central nervous system first appears as a superficial 
groove along the mid-dorsal line of the embryo. The sides 
of this ectodermic groove meet, and, uniting, convert the 
medullary gioove into the medullary canal The greater 



Figs 256 and 257.' — Ideal foie and hind limb. — After Gegenbaur. 

H , Humerus , R , radius , XJ , ulna ; r'., radiale , t( , uhiare , ^ , inter- 
medium , , centrale , 1-5, carpalia bearing the corresponding 

digits with metacarpals ) and phalanges U/i ). 
y , Femur , z'z , tibia , Ji , fibula , i , intermedium , t j tibiale iastra^ahti ) , 
y, fibulare calas) , c , centrale ; 1-5, taisaha bearing the corre- 
sponding digits with metatarsals {mi ) and phalanges {ph ) 

part of this canal forms the spinal cord , the anterior 
portion of it IS specialised as the brain. There is at first 
a postenor connection between the neural canal and the 
primitive gut of the embryo ; when this is lost the cavity of 
the neural tube still persists as a little ciliated canal in the 
centre of the cord, and as the internal cavity of the brain. 

Brain. — At an early stage, even before the closing-m 
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process is completed, certain portions of the anterior region 
of the medullary canal grow more rapidly than others, and 
form the three primary brain vesicles. By further processes 
of growth and constriction, these three form the five regions 
of the adult brain 

When fiist foimed the biam vesicles he m a straight line, but as a 
consequence, probably, of then lapid and unequal giowth, this condition 
IS soon lost, and a maiked cianial flexiue is pioduced. In the lower 
foims, eg C>clostomata, the flexuie is slight, and is coirected latei, 
but in the highei types it is \ery distinct, and causes the maiked o\ei- 
lappmg of paits so ob\ious in the adult 



Fig 258 — Longitudinal section of brain of young dog-fish 
(diagrammatic) — Aftei Gaskell. 

C h , Cerebral hemispheres , o th ^ optic thalami , 3 , third 

ventricle , In , infundibulum ^ pt b ■, pituitary body ^ 0 1 , optic 
lobes, ch , cerebellum, MO, medulla oblongata, 4 , 

fourth \enticle , S C , spinal cord. 


We must now follow the metamorphosis of the primary 
brain vesicles. 

The first vesicle gives rise anteriorly to the cerebral hemi- 
spheres, while the remainder forms the region of the optic 
thalami or thalamencephalon. 

The cerebral hemispheres (prosencephalon or fore-brain) 
are exceedingly important They predominate more and 
more as we ascend in the scale of Vertebrates, and become 
more and more the seat of intelligence. Except in a few 
cases, the prosencephalon is divided into two parts — 
the cerebral hemispheres — which contain cavities known as 
the lateral ventricles. The two hemispheres are united by 
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bridges or commissures, which have considerable classifica- 
tory importance. With the anterior region of the hemi- 
spheres olfactory lobes are associated 

In C) clostomata, '‘Ganoids,” and Teleosteans, the foie-brain has no 
nenous loof, but is covered by an epithelial pallium which lesembles 
what IS called the choroid plexus of the third \entncle in highei Veite- 
biates This choioid plexus is a thin epithelium, with blood vessels m 
it But in Elasmobranchs, Dipnoi, and Amphibians the basal parts of 
the fore-biam have growm upw'aids to foim a ner\ous loof, and this 
peisists in highei Veitebiates. 

The optic thalami (thalamencephalon 01 tween-brain) 
form the second region of the adult brain Hence arise 
the optic outgrowths, which form the optic nerves and 
some of the most essential parts of the eyes The 
original cavity persists as the third ventricle of the brain ; 
the thin roof gives off the dorsal pineal outgrowth or epi- 
physis, and, uniting with the pia mater, or vascular brain 
membrane, forms a choroid plexus, the lateral w^alls 
become much thickened (optic thalami) , the thin floor 
gives off a slight ventral evagmation, or infundibulum, 
which bears the enigmatical pituitary body or hypophysis. 
The infundibulum bears in some cases, e,g. most Teleosts, 
a vascular sac plus a nervous lobe; in Selachians the 
former is present without the latter, in most Vertebrates 
above fishes the latter is present without the former. 

The pituitary body. — This is denved partly from a downgiowth 
from the thalamencephalon and partly from an upgrowth from the roof 
of the mouth The two parts unite to form a complex little oigan, 
whose morphological nature is very puzzling It produces an internal 
secretion of importance, and a pathological state of the organ is 
associated m man with certain diseases, eg. acromega/j' 

The pineal body. — The dorsal upgrowth from the roof of the' 
thalamencephalon is represented, though to a vaiwing extent, m all 
Vertebrates It consists of two parts, a pineal organ or epiphjsis 
proper, and a parietal oigan, which arises as a rule from the epiphysis 
but may have an independent origin in fiont of it It is probable that 
they w'ere originally light and left members of a pan. The parietal 
organ may become atrophied, but in some cases, especially in Reptiles, 
It IS terminally differentiated into a little body known as the pineal 
body. This was entirely an enigma until De Graaf discovered its eye- 
Iike structuie in Angiiis, and Baldwin Spencer securely confirmed this 
in the New Zealand ‘‘lizard” {Sihemdon), where the pineal body 
shows distinct traces of a retina In Petmnyzon both the epiphysis 
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and the paiielal organ bhow an eye-like stiuctuie, most maiked in the 


case of the epiphysis 



Fig. 259 — Vertical section of the 
pineal eye m an embiyo of SpJieno- 
don — Alter Dendy 

jC., Epidermis , D , dermis , L , lens ,//!", 
inner wall of the eye , O IV outer wall of 
theeje; PA iV , parietal nerve; PA S , 
paiietal stalk, cartilage 


of the parietal oigan) receives a 
nerve fiom a parietal centre” 
near the base, but independent 
of the epiphysis ; this nerve is 
transitory in Anguzs^ more or 
less persistent in J guana Above 
Reptiles the pineal stalk is always 
relatively shoit, and its teimmal 
portion forms a glandular structure 

The full significance of the pineal 
body is thus uncertain. Accoid- 
ing to one view, its primitive 
function IS that of an unpaired, 
median, upward -looking eye — a 
function letained only in the 

Reptiles mentioned above, the 

organ having elsewhere undergone 
(independent) degeneiation. It 
may be, howe\ei, that the optic 

function is not primitive, but 

the result of a secondary modifi- 
cation 

The second primary vesicle 
of the brain forms the third 


In Elasmobranchs the pineal 
process (epiphysis) is very 
long, and, perforating the 
skull, terminates below the 
skin m a closed \esicle. In 
the }Oung fiog it also comes 
to the siiiface above the skull, 
but degenerates in adoles- 
cence In Sphenodon the 
stalk passes thiough the skull 
by the “parietal foramen,” 
so that the “eye” itself, 
developed from the paiietal 
organ, lies close beneath the 
skin, the scales of which 
in this region aie specialised 
and transparent. In Iguana^ 
Angzizs, Lacerta^ etc., the 
epiphysis loses connection 
w'lth the “eye” poition ; 
and it IS also to be noticed 
that in Angms and Iguana 
the pineal body (on the end 



Fig 260 — Diagiam of the paits 
of the brain in Vertebrates — 
After Gaskell 

c.A , Cerebral hemispheres; c pi , 
choroid plexus , 0 th ^ optic thal- 
ami , ol^ optic lobes , cb , cere- 
bellum , c pi ^ choroid plexus , 
MO, medulla oblongata, SC,, 
spinal cord 
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region, that of the optic lobes (mesencephalon or mid-brain) 
m the adult brain The floor and lateral walls form the 
thickened crura cerebri; the roof becomes the two optic 
lobes, which are hollow in almost all Vertebrates. In 
Mammals a transverse furrow divides each optic lobe into 
two (corpora quadngemina). The cavity of the vesicle 
becomes much contracted, and forms the narrow iter or 
aqueduct of Sylvius, a canal connecting the third ventricle 
with the fourth. 

The third primary vesicle gives rise to the metencephalon, 
or hind-brain, or region of the cerebellum, and to the 
myelencephalon, or after-brain, or region of the medulla 
oblongata. 

In the metencephalon the roof develops greatly, and 
gives rise to the cerebellum, which often has lateral lobes, 
and overlaps the next region. In the higher forms the 
floor forms a strong band of transverse fibres — the pons 
Varolii. 

From the region of the medulla oblongata most of the 
cranial nerves are given off Here the roof, partly over- 
lapped by the cerebellum, degenerates, becoming thin and 
epithelial, the cavity — called the fourth ventricle — is con- 
tinuous with the canal of the spinal cord. 


Summary 

(1) Cerebral hemispheres, prosencephalon, or 

fore-brain. Note commissures, olfactory 
lobes and nerves, and first and second 
ventiicles. 

(2) Optic thalami, thalamencephalon, or tween- 

bram Note — {a) optic, [d) pineal, (r) 
pituitary outgrowths, and the third ven- 
tricle. 

{3) Optic lobes, mesencephalon, 01 mid-brain. 
Note crura cerebri, and the aqueduct of 
Sylvius. 

(4) Cerebellum, metencephalon, or hind-brain. 

Note pons Varolii. 

(5) Medulla oblongata, myelencephalon, or 

after -brain. Note rudimentary roof, 
fourth ventricle, and origin of most of 
the cranial nerves. 


First Embryonic ! 
Vesicle "1 


Median Embryonic 
Vesicle. 


Third Embiyonic | 
Vesicle. 1 
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Enswathing the brain and spinal cord, and following its ii regularities, 
IS a delicate membrane — the pia mater — rich in blood vessels, which 
supply the nervous system Outside this, in higher Vertebrates, there 
IS another membrane — the arachnoid — which does not follow the minor 
irregularities of the brain so caiefully as does the pia matei Thiidly, 
a firm membrane — the dura mater— lines the bram-case, and is 
continued down the spinal canal In lower Vertebrates the dura 
mater is double throughout , m highei Vertebiates it is double only in 
the region of the spinal cord, where the outer pait lines the bony 
tunnel, while the inner ensheaths the cord itself In Fishes the biain- 
case is much larger than the brain, and a large lymph space lies 
betw^een the dura and the pia mater. 

An understanding of the relations of the different regions wall be 
facilitated by a study of the following table, which Dr. Gadow gives in 
his gieat work on Birds m Bronn’s Thierreich — 


Region 

Floor 

Sides 

Roof 

Cavity 

Spinal cord 

Anterior grey 
and white com- 
missure 

White and 
grey substance 

Posterior com- 
missure 

Central canal 

elen- 

cephalon 

Medulla oblongata 

Epithelium of 
choroid plexus 

Posteiior part of 
fourth ventricle 

Meten- 

cephalon. 

Commissural 

part. 

Pedunculi of 
crura cerebri 

Cerebellum 

Anterior part of 
fourth ventricle 

Mesen- 

cephalon 

Crura cerebri 

Cortex of 
optic lobes 

Anterior com- 
missure, velum 
of SjKius 

Aqueduct of Sj 1- 
vms and lateral 
extensions 

Thalamen- 

cephalon. 

Infundibulum, 
hypoph ysis, 
chiasma 

Inner part of 
optic lobes and 
optic thalami 

Epiphysis and 
epithelium of 
choroid plexus 
Corpus callo- 
sum 

Anterior com- 
missure 

Third ventricle 

Prosen- 

cephalon 

Corpus stria- 
tum 

Lamina ter- 
minahs 
Olfactoi y 
lobes 

Cerebral hemispheres 

Lateral ven- 
tricles 
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Spinal cord. — After the formation of the brain vesicles, 
the remainder of the medullary canal forms the spinal 
cord 

The canal is for a time continuous posteriorly with the 
food canal beneath, so that a id - shaped tube results. The 
connection between them is called the neurenteric canal 
(Fig. 254, ne r.), and though it is only temporary, its frequent 
occurrence is of much interest. 

The wall of the medullary canal becomes very much 
thickened, the roof and floor grow less rapidly, and thus 
the cord is marked by ventral and dorsal longitudinal 
furrows At the same time, the canal itself is constricted, 
and persists in the fully-formed structure only as a minute 
canal lined by ciliated epithelium, and continuous with the 
cavity of the brain. 

In the cord it is usually easy to distinguish an external region of 
white matter, composed of medullated nerve-fibres, and an internal 
region of grey matter, containing ganglionic cells and non-medullated 
fibres 

The airangement of the grey matter, together with the longitudinal 
fissures, give the cord a distinct bilateral symmetry, vhich is sometimes 
obvious at a very eaily stage. 

The brain substance is also composed of grey and white matter, but 
there, at any rate in higher forms, the airangement is very complicated. 

Cranial nerves. — The origin and distribution of the 
cranial nerves may be summarised as follows • — 


[Table. 
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Name 

Origin 

DiSTRILLTIO'J 

N 01 ES 

I. Olfactory j ^ 

b ront of fore- 
brain 

Olfactory organ 

Quite per se 

2. Optic j 

Optic thalami 

Eje 

Quite per sc 

They cross before 
they enter the brain, 
and generally unite 




at their intersection 

3 Oculomotor or 

Floor of mid- 

All the muscles of 

A ciliary ganglion 

ciliary in * 

brain 

the eye but two 

at roots 

4 Pathetic or 

From pos- 

Superior oblique 

Perhaps belongs to 

trochlear in 

tenor part of 
optic lobes 

muscle of the eye 

5, as a ventral root 


(i ) Ophthalmic to 

Gasserian ganglion 


j 

snout y 

at roots 

5. Trigeminal 

5 and in 

Medulla ob - 1 
longata j 

(2) Maxillary to 
the upper jaw, etc s 

(3) Mandibular to 

The ophthalmicus 
profundus, often in- 
cluded with s, is pro- 


i [ 

lower jaw, lips, etc 

bably the dorsal com- 



in and y 

ponent of 3 

6 Abducens in 


External rectus of 

Perhaps belongs to 



eye 

7, as a ventral branch 

7 Facial 


(i) Hjoidean and 


j and m 


spiracular 




(2) Palatine 

(3) Buccal, facial, 




and auditory. 


8 Auditory s 


Ear. 

Ganglia at the 
roots of 7 and 8. 

9 Glossopharyn- 


First gill arch 

geal. 




jf and in 




10 Vagus or Pneu- 

; ,, ' 

Postenor gills and 

Apparently a com- 

mogastric 


arches, lungs, heart, 
gut, and body 

plex, including the 
elements of four or 

^ and in 




generally 

five nerves 


In hiQ;ber Vertebrates there are two others, the spinal accessory (ii) and the hypo- 
glossal (12; 

The fourth or pathetic nerve is peculiar among motor nerves m that it appears to 
arise from the extreme dorsal summit of the brain, between the mid- and hind- brain, 
from the region known as the “ valve of Vieussens ” In Fishes the seventh nerve is 
mainly a nerve of special sense , in higher Vertebrates it has lost most of its sensory 
branches, and become chiefly motor 


* The letter j is a contraction for sensory or afferent, i e transmitting impulse 
from a sensitive area to the centre , and in is a contraction for motor or efferent, t e 
transmitting impulses from the centre to the body. 

Theie is much unceitainty m regard to the moiphological value of 
the various cranial nerves, but the following conclusions may be 
stated — 

(1) Like the spinal nerves, the cranial nerves aie piimaiily seg- 
mental, and there are probably about seven of them, — three pro-otic 
and four metotic. The olfactory and optic nerves are quite by 
themselves and not segmental 

(2) Like the spinal nerves, the cranial nerves have primarily two 
roots, — a dorsal and a ventral, but the ventral roots do not join the 
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dorsals, which have a moie superficial course and include niimeious 
motoi fibres (conelated with the gieat development of visceral 
musculatuie in the head) 

(3) The pie-mandibulai piimiti\e segment (I ) was pi obably supplied 
by the oculomotoi (vential) and the ophthalmicus profundus (dorsal). 

The inandibulai piimitive segment (II.) w^as piobably supplied by 
the pathetic (vential) and the trigeminal (dorsal). 

The hyoid primitive segment (III ) was probably supplied h\ the 
abducens (ventral) and the facial (dorsal) The auditor y, glosso- 
phaiyngeal, and vagus ner\es have no ventral roots 

Spinal nerves. — Each spinal nerve has two roots — a 
dorsal, posterior, or sensory, and a ventral, anterior, or 
motor. These arise separately and independently, but 


PS PI 



Fig. 261 — Diagiammatic section of spinal cord. 

Pf, Posterior fissure, pCy posterior column of white 
matter , d p s , dorsal, posteiior, sensory or afferent 
root , g , ganglion , v a m,, ventral, anterior, motor or 
efferent root, ch, compound spinal nerve with 
branches, , sympathetic ganglion, ac, anterior 
column — the anterior fissure is exaggerated , c , 
ganglion cells ygm, grey matter , w m , white matter 


combine in the vicinity of the cord to form a single nerve. 
The dorsal root exhibits at an early period a large ganglionic 
swelling — the spinal ganglion ; the ventral root is apparently 
non-ganglionated. Moreover, the dorsal root has typically 
a single origin (as m the cranial nerves), while that of the 
ventral root is often 'multiple 

The dorsal roots are outgrowths of a continuous ndge or crest along 
the median dorsal line of the cord As the cord grows the nerve roots 
of each side become separated. They shift sidewards and downwards 
to the sides of the coid The ventral roots are later in arising ; they 
spring as outgrowths from the latero-ventral angle of the cord. 

According to most authorities, the sympathetic ganglia are offshoots 
from the same rudiment as that from which the dorsal ganglia arise. 
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They are usually connected m a chain, which is linked anteiioily to 
cranial neues. They are also connected by fine fibies with the \entral 
roots. They give off neives to blood vessels and visceia. 


s s 



Fig. 262 — Diagram of spinal cord of man, thoracic 
region. — After Johnston. 

.S' .S' , Somatic sensory , V S ^ visceral sensory , S M ^ somatic motor , 

V M and U.M , visceral motor ^ dr ^ dorsal root , U J? , ventral 
root 

Sense organs. — The central nervous system has doubtless 
arisen in the course of history from the msmking of external 
nerve cells ; it does arise in development as an involution 
of ectoderm or epiblast. The same layer gives origin to 
the essential parts of the sense organs. The Vertebrate eye 
is formed in great part as an outgrowth from the brain, but 
as the brain is itself an involution of epiblast, the eye may 
be also referred to external nerve-cells. 

Brtmchial sense o?'gans, — In many Fishes and Amphib- 
ians there are lateral sense organs which form the ‘‘lateral 
lines,” while others lie in the head, and were m all likelihood 
primitively connected with gill-clefts. In Sauropsida and 
Mammals these branchial sense oigans are no longer 
distinct as such. 

The nose. — It is possible that the sensory pits of skin 
which form the nasal sacs are two branchial sense organs. 
They are lined by epithelium in great part sensory, and 
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are connected posteriorly with the olfactory nerves In 
Fishes, the nasal sacs lemain blind posteriorly; in 
Amphibians, and in all the higher Vertebrates, they open 
posteriorly into the cavity of the mouth, and serve for the 
entrance of air The peculiar nostril of hag -fish and 
lamprey is referred to in the chapter on Cyclostomata. 

The ear in Invertebrates develops as a simple invagina- 
tion of the ectoderm, forming a little sac, which may become 
entirely detached from the epidermis, or may retain its 
primitive connection ; so in Vertebrates, at an early stage, 
an msinkmg forms the auditory pit. In some Fishes 
(Serrani^s, salmon) and Amphibians a common ectodermic 
thickening seems to form the rudiment from which the ear, 
the lateral line, and a pre-auditory sensory patch are 
derived The auditory sac sinks farther in, and the 
originally wide opening to the exterior becomes a long 
narrow tube. In Elasmobranchs, which exhibit many 
primitive features, this condition is retained in the adult , in 
other Vertebrates the tube loses its connection with the 
exterior, and becomes a blind prolongation of the inner 
ear — the aqueductus vestibuli, or ductus endolymphaticus. 
In Anura the ductus endolymphaticus gives rise to a long 
sac dorsal to the spinal cord giving off outgrowths in which 
the “ calcareous bodies ” lie. 

The auditory vesicle, at first merely a simple sac, soon 
becomes very complicated. It divides into two chambers, 
the larger utriculus and the smaller sacculus. From the 
utriculus three semicircular canals are given off, except in 
the lamprey and hag, which have two and one respectively. 
From the sacculus an outgrowth called the cochlea or 
lagena originates , it is little more than a small hollow knob 
in Fishes and Amphibians, but becomes large and im- 
portant in Sauropsida and Mammals. 

As this difterentution of the parts of the internal ear takes place, the 
lining epithelium also becomes differentiated into flattened covering cells 
and sensory auditory cells. The auditory cells are arranged in patches 
to which branches of the auditory nerve are distributed. With these 
sensory patches calcareous concretions (otoliths) are associated, except 
in the cochlea of Mammals, 

The fact that lime salts are often deposited in the skin, and that the 
ear-sac arises as an msinkmg of epiblast, may perhaps shed some light 
on the origin of otoliths. 
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The paits which we have so fai consideied constitute togethei the 
membranous labynnth of the ear Round about them the mesoblast 
(mesenchyme) forms a two-layered envelope Its inner la}ei disin- 
tegrates to pioduce a fluid, the peiihmph, which bathes the whole 
outer surface of the membianoiis labynnth Its outei la)ei foims a 
firm case, the caitilagmous oi bon} lab}imth, suiiounding the internal 
ear The membianous lab}iinth itself contains anothei fluid, the 
endoh mph 

With regal d to the function of the paits of the ear, the semicirculai 
canals are believed by manv to be concerned with the appreciation of a 



Fig. 263 — Diagram showing the ear and related parts 
m a young cat 

P , Pinna , Sg ' , squamosal R A M , external auditor}' meatus ; T , 
tympanum, , malleus, /, incus, OV., stapes abutting on foramen 
ovale , B , bulla of tympanic bone , Od? , a septum in the bulla ^ E T ^ 
eustachian tube leading from the tympanic cavnty to the back of the 
mouth ^ B 0 , basi-occipital , C , cochlea , S , sacculus , U , utriculus , 
DE, ductus endol} mphatK us , j:V, auditor} nerve, SC, semi- 
circular canal , PE , periotic bone 

change m the direction or v^elocity of movement How fai the eais of 
Invertebrates {e Crustacea and Alollusca) aie adapted for any function 
except this, is still doubtful, and we can haidly see that any othei 
would be of much use to purely aquatic animals It seems likely at 
any rate that the primitive function of the ear was the perception of 
vibrations, and that fiom this both the sense of hearing and the sense 
of equilibration hav e been differentiated 

It IS in accordance with the facts mentioned above that we rarely 
find in Fishes any special path by which impressions of sound may 
trav'el from the external woild to the ear. In Amphibians and higher 
Vertebrates, however, the ear has sunk farther into the lecesses of the 
skull, and a special path for the sound is present In Elasmobranchs, 
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the spiracle, oi first gill-cleft, is situated in the vicinity of the ear : in 
higher forms, according to man> authors, this first gill-cleft is metamor- 
phosed into the conducting appaiatus of the ear In development, a 
depression beneath the closed gill-cleft unites with an outgrov\th from 
the pharynx, and thus foims the tympanic ca\it}, which communicates 
with the back of the mouth by the Eustachian tube The Umpanic 
cavity IS closed exteinally by the drum oi tympanum, which 'ma} be 
flash with the surface, as m the frog, or may he at the end of a nariow 
passage, which in many Mammals is furnished externally with a projec- 
tion or pinna In Amphibia and Sauropsida the tympanic cavity is 
traversed by a bony rod — the columella, which extends fiom the drum 
to the fenestra ovalis, a little apertuie in the wMl of the bony labyimth 
In Mammals this is replaced by a chain of three ossicles, an outeimost 
malleus, a median incus, an internal stapes. 

The homologies of these 
ossicles are still uncertain. 

One interpretation has 
been stated on p 480, the 
following IS Hertwig’s — 

Malleus = Articular + 
angular elements of 
Meckel’s cartilage. 

Incus = Palato-quad- 
rate of lower Verte- 
brates 

Stapes of Mammals 
has a double origin, 
being formed from 
the upper part of 
hyoid arch -P an ossi- 
fication fiom the 
wall of the ear cap- 
sule = (wholly ?) col- 
umella of Birds, 

Reptiles, and Am- 
phibians 

C , Cornea ; a: A , aqueous humour , c 6 , ciliary 

The eye. There is body, /, lens, /, ms, sclerotic; CA , 

^ , 7 . choroid , R , retina , v k ^ vitreous humour ; 

no eye in AtflphlOXUS^ y sp , jellow spot, n , optic nerve. 

It is rarely more than 

larval m Tunicates, it is rudimentary in Myxine and in 
the young lamprey In higher forms the eye is always 
present, though occasionally degenerate, in fishes from 
caves or from the deep sea. It is hidden under the 
skin in Proteus., an amphibian cave-dweller, and in the 
subterranean amphibians like Coedlia, very small in a few 
snakes and lizards, and its nerves are abortive in the 
mole. 



Fig 264 — Diagram of the eye 



496 STRUCTURE OF VERTEBRATA. 

The adult eye is more or less globular, and its walls con- 
sist of several distinct layers The innermost layer bound- 
ing the posterior part of the globe is the sensitive letina, 
innervated by fine branches from the optic nerve. It may 
be compared to the nervous matter of the brain, from which, 
indeed, it arises. Outside of the retina is a pigmented 
epithelium, and outside of this a vascular membrane , 



Fig. 265. — Development of the eye — After Balfour and 
Hertwig 

I. Section through first embryonic vesicle, showing outgrowth of 
optic vesicles {pj> v,') to meet the skin , fb , thalarnencephalon , 

G , the gut 

2-4 Sections illustrating the formation of the lens (/ ) from the 
skin, and the modification of the optic vesicle into an optic 
cup ; R , retina vitreous humour. 

5 External aspect of embiy^onic eye ; I , lens 

together these are often called the choroid. The vascular 
part may be compared to the pia mater covering the brain, 
and like it is derived from mesoblast. Outside of the 
choroid is a protective layer or sclerotic, comparable to, 
and continuous with, the dura mater covering the brain, 
and also mesoblastic in origin Occupying the front of 
the globe is the crystalline lens, a clear ball derived directly 
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from the skin. It is fringed in front by a pigmented and 
muscular ring — the ms, which is for the most part a 
continuation of the choroid The space enclosed by the 
iris m front of the lens is called the pupil Protecting and 
closing the front of the eye is the firm cornea continuous 
with the sclerotic, and covered externally by the con- 
junctiva — a delicate epithelium continuous with the 
epidermis Between the cornea and the ins is a lymph 
space containing aqueous humour, while the inner chamber 
behind the lens contains a clear jelly — the vitreous humour. 
The lens is moored by “ ciliary processes ” of the choroid, 
and its shape is alterable by the action of accommodating 
ciliary muscles arranged m a circle at the junction of iris 
and sclerotic. In many Reptiles, and in Birds, a vascular 
fold, called the pecten, projects from the back of the eye 
into the vitreous humour. A similar fold in Fishes 
{processus falciformis) ends in a knot-like structure in the lens. 
It acts as an accommodator.” The retina is a very complex 
structuie, with several layers of cells, partly supporting and 
partly nervous , the layer next the vitreous humour consists 
of nerve-fibres, while that farthest from the rays of light and 
next the pigment epithelium consists of sensitive rods and 
cones. The region where the optic nerve enters, and 
whence the fibres spread, is called the blind spot, and near 
this there lies the most sensitive region — the yellow spot, 
with its fovea centralis, where all the layers of the retina 
have thinned off except the cones. 

Among the extnnsic structuies must be noted the six muscles which 
move the eyeball, the upper and lower eyelids, which are often very 
slightly developed, and the thud eyelid or nictitating membrane. 
Above Fishes there is a lachrymal gland associated with the upper lid, 
and a Harderian gland associated with the nictitating membrane. In 
Mammals there are also Meibomian glands. The secretions of all these 
glands keep the surface of the eye moist. 

While the medullary groove is still open, the eyes arise 
from the first vesicle of the brain as hollow outgrowths or 
primary optic vesicles. Each grows till it reaches the skin, 
which forms a thickened involution in front of it. This 
afterwards becomes the compact lens Meantime it sinks 
inwards, and the optic vesicle becomes invaginated to form 
a double-walled optic cup. The two walls fuse, and the 
32 
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one next the cavity of the cup becomes the retina, while the 
outer forms the pigmented epithelium and the muscles of 
the ins. Meanwhile, surrounding mesoblast has insinuated 
itself past the lens into the cavity of the optic cup, there 
forming the vitreous humour, while externally the mesoblast 
also forms the vascular choroid, the firm often cartilaginous 
sclerotic, the inner layer of the cornea, etc. Along the 
thinned stalk of the optic cup the optic neive is developed. 
Its protective sheath is continuous with the sclerotic of the 
eye and the dura mater of the brain As the nerves enter 
the optic thalami, they cross one another in a chiasma, and 
their fibres usually interlace as they cross 

Alimentary system. — The alimentaiy tract exhibits 
much division of labour, for not only are there parts suited 
for the passage, digestion, and absoiption of the food, but 
there are numerous outgrowths, eg, lungs and allantois, 
which have nothing to do with the main function of the 
food canal. 

By far the greater part of the food canal is lined by 
endoderm or hypoblast, and is derived from the original 
cavity of the gastrula — the primitive gut or archenteron. 
This is the mid-gut or mesenteron. But the mouth cavity 
is lined by ectoderm, mvaginated from in fiont to meet the 
mid-gut. This region is the fore-gut or stomod^um 
Finally, there is usually a slight posterior invagination of 
ectoderm, forming the anus. This is the hind-gut or 
proctod^eum, but it is practically absent in Vertebrates. 

Associated with the mouth cavity oi stomodjeum aie— teeth 
(ectodeimic ludiments of enamel combined witli a mesodeiniic papilla 
which forms dentine oi ivory), (/5) from Amphibians onwaids special 
salivary glands , (c) a tongue, — a glandular and sensitive oiitgiowth 
from the floor. The tongue develops as a fold of mucous membiane 
in fiont of the hyoid, and afterwards becomes incieased by giowdh of 
connective tissue, etc In larval Amphibians muscle strands find their 
way into it, and Gegenbaur suggested that then original function w^as 
to compress the glands As they gamed stiength they became able 
foi a new function, that of moving the tongue. In all higher animals 
(above Fishes), the nasal sac opens posteriorly into the mouth ; in 
some Reptiles and Buds, and m all Mammab, the cavity of the 
mouth IS divided by a palate into an uppei na-^al and lower buccal 
portion. 

The origin of the oral aperture is uncertain In Tumcates it is 
foimed by an ectodeimic insinking which meets the aichenteion, in 
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AjJiphtoxKS iL seems to anse as a poie in an ectodeimic disc , in othei 
cases it is a simple ectodermic imagination , ui it ma\ owe its origin to 
the coalescence of an anteiioi pan of gill-clefts amen ated b} the fifth 
nene If the last inteipietation be tiue, its oiigm ilkistiates that 
change of function which has been a frequent occuiience in evolution 
But if the mouth aiose fiom a pan of gill-clehs, and m some cases it 
actually has a paiied oiigin, then theie must ha\c been an oldei mouth 
to start wnth Thus Beaid in his biilhant morphological studies dis- 
tinguishes between ” the old mouth and the new " The new mouth 
is supposed to have lesulted, as Dohin suggested, hum a pair of gill- 
clefts , the old mouth was an antecedent stomodxum, of which "the 
so-called nose Myxuie and the oral h\poph\sis of highei fuinis ma\ 
be vestiges This theoiy haimonises with the ohsenations of Kleinen- 
beig on the development of the mouth in some Annelids [Lofa^io- 
ihynchus)^ in which the larval stomodaaim is leplaced hv a paued 
ectodeimic invagination 

The mouth cavity leads into the pharynx, on whose walls 
there are the gill-clefts. Of these the maximum number is 
eight, except in Amphioxns, If we exclude the hypo- 
thetical clefts, such as those possibly represented by the 
mouth, the first pair form the spiracles — well seen m skates. 
In the position of the spiracles the Eustachian tubes of 
higher Vertebrates develop. In front of the spiracle there 
IS sometimes a spiracular cartilage, which Dohrn dignifies as 
a distinct arch. The other gill-clefts are associated with 
gills in Fishes and Amphibians, while in Sauropsida and 
Mammals, in which there are no gills, four ‘SisceraF’ clefts 
persist as practically functionless vestigial structures In 
some cases their openings are very evanescent. The clefts 
are bordered by the branchial arches, and supplied by blood 
vessels and nerves. 

With the anterior part of the alimentary canal two 
strange structures are associated — the thyroid and the 
thymus 

The thyroid gland arises as a diverticulum from the ventral wall of 
the phaiynx It may be single (as m some Mammals^ or bilobed {as 
in Birds}", or double (as m some Mammals and Amphibians), oi diffuse 
(as in Bony Fishes). Only in the larval lamprey does it retain its 
original connection with the pharvnx, and is then a true gut-gland. 

As to Its morphological nature, its mode of oiigm suggests com- 
paiison with the hypobranchial gioove in Amphioxus and the endostyle 
of Ascidians 

Almost the only light which has been cast on the physiological nature 
of the thyroid is from the pathological side Goitre and Deibvshue 
neck are associated with an enlargement and diseased state of this 
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oigan, and my\(xdema with its degeneration or absence As injection 
of extiact of sheep’s thyroid, or even eating this organ, alleviates niyx- 
cedema, it is concluded that the thyroid must have some specific efiect 
on the laige quantity of blood which flows through it It is piobably 
safe to say that the thyroid aids m keeping the blood at a certain 
standard of health, thiough some specific secretion 

The tky?mis arises as a doisal endodeimic thickening wheie the 
outgrowths which foim the gill-clefts meet the ectodeiin. It may 
be associated with a variable numbei of clefts — se\en m the shark 
HeptancJms^ fi\e m the skate, foiii m Teleosteans, thiee in the hzaid, 
one in the chid, and one (the thud) in Mammals. In the young 
lamprey theie aie said to be no fewei than tw'enty-eight thymus rudi- 
ments In Mammals it often seems to degeneiate after youth. In the 
rabbit it has its maximum weight in the fourth month, and thereaftei 
begins to be rapidly leduced. As it has fiom its first origin a distinct 
hmphoid nature, and appaiently forms leucocytes, it has been inter- 
pieted (Beard) as a stiucture adapted for the phagocytic protection of 
the gills from bacteria, parasites, and the effects of injury If this be 
so, we can undei stand its diminishing importance in Sauropsida and 
Mammalia, wheie its place inay be to some extent taken by the palatal 
and pharjngeal tonsils, which are believed by some (Stohr, Killian, 
Gulland) to have a similar phagocytic function. 


The pharynx leads into the gullet or oesophagus, which is 
a conducting tube, and this into the digestive stomach, 

which IS followed by the diges- 



tive, absorptive, conducting 
intestine, ending in the rectum 
and anus. 

Fiom the oesophagus the air- 
or swim- bladder of most Fishes, 
and the lungs of higher Verte- 
brates, grow out. The air- 
bladder usually lies dorsally and 
IS almost always single , the 
lungs lie ventrally and are 
double, though connected with 
the gullet by a single tube. 

The beginning of the intes- 
tine gives origin to the liver, 


Fig 266. — Oiigin of lungs, 
liver and pancreas in the 
chick — After Goette. 


which regulates the composition 
of the blood and secretes bile, 
and to the pancreas, which 


The mesoderm is shaded , the endo- 
derm dark. 

4?" , One of the lungs , St , s^'omach , 
/ j li\ er , , pancreas 


secretes digestive juices. The 
pancreas has often a multiple 
rudiment. 
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From the hindmost region of the gut, the allantois 
grows out in all animals from Amphibians onwards. In 
Amphibians it is represented by a cloacal bladder ; m the 
higher Vertebrates it is a vascular foetal membrane con- 
cerned with the respiration or nutrition of the embryo, or 
both. 



Fig. 267. — Section through a young newt. 

c t , Connective tissue , E , epidermis , D , dermis , .S' C spinal cord , J/., 
muscle ; iV., notochord , Sh , mesodermic sheath of notochord , K.., 
kidney, /, lung, 6", spleen, ST.^ stomach, Pe.^ peritoneum; Z-., 
liver; d ^ duct of the pancreas (Z); C gall-bladder, Y , dorsal 
aorta. 


Cilia are very common on the lining of the mtestme in 
Invertebrates, but they are much rarer in Vertebrates. Yet 
as they occur m Amphtoxus^ lampreys, many fishes, Proto- 
pterus^ some Amphibians, and in embryonic Mammals, it 
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seems not unlikely that the alimentaiy tiact was originally a 
ciliated tube. 

At the posteiioi end an ectodtimic in\ agination or pioctodcvum meets 
the closed archenteion, and at the junction the two epithelial lajeis 
gi\e wa\, so that an open tube is loimed 

Tlie foimation of the anus does not take place close to the posteiioi 
end of the piimitne gut, but at a point some shoit distance in front of 
this In consequence the so-called post-anal gut is foimed This is 
continuous with the neurenteric canal, and so communicates with the 
neural canal The post-anal gut attains m Elasmobianchs a relatively 
considerable length It has been very frequently found in Veitebiates, 
and IS probably of umveisal occurrence. Aftei a longei oi shortei 
peiiod it becomes completely atrophied, and with it the communication 
between neiiial and alimentaiy canals is completeh destioyed In 
some Fishes and Amphibians the anus is formed dnectly from the 
blast opoie 

Speculative, — The primitive gut was piobably a smooth straight 
tube, but the lapid multiplication of well-nouiished cells would tend 
to its inciease in diameter and in length But on increase in both 
directions the slower giowth of the general body would impose limita- 
tions, and in this we may find the immediate growth-condition deter- 
mining the oiigin of folds, crypts, cmca, and coils, which would be 
justified by the increase of absorptiv^e and digestive siiiface Theie 
aie regulai longitudinal folds in Myxine, cross-folds traversing these 
would form crypts, wFich may be exaggeiated into the pyloric cmca of 
Teleosteans and Ganoids, while other modifications would give rise to 

spiral valves ’’ and the like. In the same way it maybe suggested 
that the numerous important outgrowths of the mid gut, such as lungs, 
livei, pancreas, and allantois, so thoioughly justified by their usefulness, 
may at fiist have been due to necessary conditions ot growUh— to the 
high iiLitiition, rapid growth, and rapid multiplication of the endoderm 
It may be noted that in the development of the Amphibian 
theie aie hints of more numerous endodermic diverticula (Platt) It is 
also said that the hypochoida — a tiansitory stmctiue — arising below and 
subsequent to the notochord, is in part due to a senes of doisal out- 
growths from the gut (Stohr). Even the notochord, which anses as 
a median dorsal fold, may be speculatively compared to a typhlosole — 
folded outwards instead of inward-^ The futuie elaboiation of the 
organs w'hich arise as outgrowths of the gut would, however, 
depend on many factors, such as then con elation with othei paits 
of the bod}, and would at each step be affected as usual by natural 
selection 
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Alimeni ary System. — Summary 


Region or the Gut 

OuTGRfJWlHS 

AsSilCINTED StRLCTCTES j 

1 

Mouth ca\ It) , 
or Stomodffium, 
or Fore-gut, 

originating as an ectodermic 
im agination 

Oral part of the 
h) poph) SIS 

Teeth 

Salivar) glands 

Tongue 

Pharynx, gullet or oeso- 
phagus, stomach, small in- 
testine, large intestine, and 
rectum , = the mesenteron or 
mid-gut, originating from 
the cavity of the gastrula, 
the archenteron or primitive 
gut , lined by endoderm 

Th)Toid 1 and the 
Th) mus 1 gill-clefts. 
Axr bladder , lungs 
Liver. 

; Pancreas 
! Allantois 

The pancreas is 
usually the result of 
two \ entral out- 

growths and a dorsal 
; one In C)clostomes 
and Elasmobranchs it 
' seems to ha\e but 
one rudiment , in the 
sturgeon four 1 

1 

With the seveial out- 
grow ths the surrounding me- 
soderm becomes associated 
often to a great extent 

Note also the origin of 
the notochord as an axial 
differentiation of cells along 
the mid-dursal line of the 
embr) onic gut 

Anal region, 
or Proctodaium, 
or Hind gut, 

originating as an ectodermic 
invagination 

In some Fishes, all Araphi- 
: bians, all Sauropsida, and 
' the Prototherian Mammals, 

1 the terminal part of the 
gut is a cloaca or common 
chamber, into which the 
rectum, the unnar) , and the 
genital ducts open 


Body cavity. — In Amphioxus the coelom arises as pouches 
from the archenteron {enterocahc). In the other Vertebrates, 
owing to modified processes of development, probably first 
arising from the presence of much yolk, solid cell masses 
grow out in place of hollow sacs, but the cavities which 
appear later, apparently by splitting of the cell mass 
{schizocoehc)j are m reality the retarded cavities of true 
coelom-pouches. A dorsal segmented portion (protoverte- 
brse) becomes separated off from a ventral unsegmented 
portion (Fig. 255). It is this ventral portion which forms 
the body cavity of the adult. In the adult it is divided 
into an anterior pericardial and a posterior peritoneal 
portion. 

The body cavity may foim part of one or all of the following systems . 
— (i) excretory, voiding waste by abdominal poies or by nephrostomes ; 
(2) reproductive, receiving the liberated genital elements ; and (3) 
lymphatic, receiving transudations from visceral and abdominal organs. 
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It IS piobably nevei quite closed, but may communicate with the 
exterior by abdominal poies {or through nephrostomes) opening into 
the lenal system Both occur together in some Elasmobranchs, but 
they are usually mutually exclusive. In the higher Teleostei, m some 
Samians, and in Mammals, there aie neither abdominal pores nor 
nephrostomes, but only openings (stomata) into the lymphatic 
system 


Vascular system. — From 



through a Teleostean embryo 
(diagrammatic) — After Ziegler. 

s Spinal cord, iV , notochord, «<? , 
aorta , cv ^ cardinal veins (united) ; 
j d , segmental duct ; c , coelom or 
pleuro-pentoneal cavity, v , position 
of median vitelline vein , y , yolk , Rn , 
endoderm of gut , w/ , myotome The 
dots represent mesenchyme cells, the 
little circles, blood corpuscles 


Cyclostomata onwards the 
blood fluid contains red cor- 
puscles, 2 e. cells coloured 
with hemoglobin — a pigment 
which readily forms a loose 
union with oxygen, and bears 
it from the exterior (through 
gills or lungs) to the tissues. 
These pigmented cells are 
usually oval and nucleated. 
In all Mammals except 
Camelide they are circular. 
Moreover, the full-grown red 
corpuscles of Mammals have 
no visible nuclei. The blood 
fluid also contains uncoloured 
nucleated amoeboid cells, the 
white corpuscles or leuco- 
cytes, of much physiological 
importance. Some of them, 
specialised as phagocytes, 
form “a body-guard,” at- 
tacking and destroying micro- 
organisms within the body. 

The heart receives blood 
from veins, and drives it forth 
through arteries. Its contrac- 


tions in great part cause the 
inequality of pressure which makes the blood flow. It lies 
in a special part of the body cavity known as the peri- 
cardium, and develops from a single (sub-pharyngeal) 
vessel in Cyclostomata, Fishes, and Amphibians, from a 
pair in Reptiles, Birds, and Mammals. 

The receiving region of the heart is formed by an auricle 
or by two auricles, thence the blood passes into the 
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muscular ventricle or ventricles, and is driven outwards. 
Except in adult Birds and Mammals, the veins from the 
body enter the auricle (or the right auricle if there are two) 
by a porch known as the sinus venosus In Fishes (except 
Teleosteans) and in Amphibians the blood passes from the 
ventricle into a valved conus arteriosus, which seems to be 
a continuation of the ventricle. In Teleosteans there is a 
superficially similar structure, but wuthout valves and non- 
contractile, and apparently developed from the aorta, not 
from the ventricle , it is called the bulbus arteriosus, and 
may occur along with the conus arteriosus in other Fishes. 
In Vertebrates higher than Amphibians there is no distinct 
conus. 

In Cyclostomata, and m all Fishes except Dipnoi, the heart has one 
auricle and one ventricle, and contains only impure blood, which it 
receives from the body and drives to the gills, whence punfied it flows 
to the body 

In Dipnoi the heart is mcipiently three-chambered. 

In Amphibians the heart has t\\ o auricles and a ventricle The nght 
auricle always receives venous or impure blood from the body, the left 
always receives arterial or pure blood from the lungs. The single 
ventricle of the amphibian heart drives the blood to the body and to 
the lungs 

In all Reptiles, except Crocodilia, the heart has two auncles and an 
incompletely divided ventricle. The partition in the ventncle secures 
that much of the venous blood is sent to the lungs ; indeed, the heart, 
though possessing only three chambers, works almost as if it had 
four. 

In Crocodilia there are two auricles and two ventricles. But the 
dorsal aorta, which supplies the posterior parts of the body, is formed 
from the union of two aortic arches, one from each ventricle. Therefore 
it contains mixed blood. 

In Birds and Mammals the heart has tw^o auricles and two ventricles, 
and one aortic arch supplies the body wnth wholly pure blood. This 
aortic arch always arises from the left ventricle, but in Birds it curves 
ovei the right bronchus, 2 e is a right aortic aich, and in Mammals 
over the left, z e. is a left aortic arch. Impure blood from the body 
enters the right auricle, passes into the nght ventncle, is driven to the 
lungs, returns purified to the left auncle, enters the left ventncle, and is 
driven to the body. 

The arterial system of a fish consists of a ventral aorta continued 
forwards from the heart, of a number of afferent vessels diffusing the 
impure blood on the gills, and of efferent vessels collecting the purified 
blood into a dorsal aorta. 

In the embryo of higher Vertebrates the same arrangement persists, 
though there are no gills beyond Amphibians. From a ventral arterial 
stem arches arise, which are connected so as to form the roots of the 
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doisal aoita This aoita gives off \essel& to the liody, while in einbi} - 
onic life it sends impoiUnt vitelline aiteiies to the }olk, and (in 
Reptiles, Buds, and Mammals) equalh impoitant allantoic ai tones 
to the allantois 

Retaining to the aiteiial system of a fish, we must considei the 
aiches moie caiefull), and compaie them with those of Saiiropsida 
and Mammals, where the} aie no longer connected wnth functional 
gill-clefts, and also with those of Amphibians, wheie the complications 
due to lungs, etc , begin (see the following Table). 

Summary as to Aoriic Arches 


Fishes 


(a) Mandibular aoitic 
aich usually aborts, 
theie IS a peisistent 
trace in Elasmo- 
bianchs (spiiacular 
arteiy). 


(d) Id} Old am tic aich ' Aboits 
aboits, or is ludi- j 
mentary 


AiMP^IBIA^S 


xVboits, or is not 
developed. 


Sauropsida and 
^Mammals. 


At most merely em- 
bryonic 


At most merely eni- 
biyonic 


(c) I si branchial. 
(^ f ) 2nd branchial 


{£’) 31 d branchial 


j Carotid. Carotid. 

I S} stemic arches, Systemic Only the light 
j unite to form j peisists in Birds , only 

I doisal aoita i the left in Mammals 

I Rudimentary or . Disappears. 

1 disappears m | 

! most forms. I 

I 


(/) 4th bianchial (gives | Pulmonary. ' The pulmonary. 
offaiteryto‘ lung'” I , 

of Dipnoi) ! I 


The important features in the development of the venous system aie 
as follows — 

(a) In the embryo the vitelline veins bring back blood from the 
yolk-sac, at first diiectly to the heart, and later to the liver 
Into these veins, blood returned from the intestine is pouied 
m increasing quantity by other veins In the adult these 
persist to foim the hepatic poital system, by means of which 
blood fioin the stomach and intestine is earned to the livei, 
and not directly to the heait. 
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{b) At an early stage in development the Ijiuud 1? bioiight tack frum 
the anteiiui legion by the supciioi caidinal veins, from the 
postenoi legion b} the inferior cardinals The two caidinals 
on each side anite to form the shoit transverse ductus Cuvierij 
the two ducts entering the 
sinus venosus of the heait ^ 

In Fishes the supeiioi car- * 

dinals persist, the infeiioi 
caidinals bung back blood 
from the kidne}S, and also 

to some extent, hy means 1 

of then union with the 

caudal vein, from the pos- I 

teiioi legion of the body 1 

In some cases this union ?\a 

wnth the caudal is only m- W 

dnect, through the medium r S 

of the kidney (Elasmo- r.z /. — 1 

branchs) , in this w'ay the ^ B — 

renal poital &}&tem is con- ^ ~ M 

stituted. In higher Verte- F J ' M 

brates, before development 
IS completed, the supeiior 

cardinals aie replaced by K 

the superioi vem-e cavee M 

(into which the superior 
cardinals open as external . 

jugulais) The inferioi car- 

dinals at Hist leturn blood k B 

from the Wolffian bodies 

and the posterior region ; 

later they atioph}, and are 

leplaced by an unpaired 

inferioi vena cava which 

brings back blood fioni the t- ^ -r^ r , 

kidney (efferent renals), Fig. 369. -Diagram of circulation, 
fiom the luer (hepatics), —After Leums. 

and fiom the hind-Iimbs Risjht auricle receivme: superior vena 

except when there is a cava and inferior vem ca^a 

f . , , u r' cr ), ? sx , naht ventricle, p a . pul- 

renal poital SVSlem The monary artery to lungs (Z- ),/ r* , right 

azygos vein of Mammals pulmonary vein; La. ^ left auricle, 

IS a persistent remnant ventricle, ao ^rtic arch, 

j dorsal aorta giving off arteries to 
of the inferior cardinals. hver (4), to gut V), to body (Z), 

(c) In Amphibia a vein known pav , portal veins, h.v , hepatic vein 




Fig. 269. — Diagram of circulation. 
— After Leums. 


except when there is a cava and mlenor vena cava 

f . , , u r' cr ), ? sx , right ventricle, p a . pul- 

renal poital SVStem The monary artery to lungs (Z ),/ r* , right 

azygos vein of Mammals pulmonary vein; La., left auricle, 

IS a persistent remnant » L|t ventricle, ao , ^rtic arch, 

J dorsal aorta giving off arteries to 

of the inferior cardinals. y ^ 

In Amphibia a vein known pa V , portal veins, /i-f , hepatic vein 
as the epigastnc (anterior 

abdominal) carries blood from the hmd-hmbs into the hepatic 
portal system. This vein also receives blood from the allantoic 
bladder, a fact which is of great theoietical importance. In 
all higher Vertebrates m embryonic life, the blood from the 
allantois passes through the hvei, and to a greater or less 
extent into its capillaries, on its way to the heart In 
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Reptiles the allantoic veins peisist throughout life as the 
epigastiic vein oi veins In Buds and Mammals, on the 
other hand, they atiophy completely at the close of foetal 
life In Birds, howevei, a vein is de\ eloped which connects 
the \ems coming from the posterior legion with the allantoic 
veins ; this persists when the lemainder of the allantoic veins 
atrophy, and thus in Birds as in Amphibia there is a con- 
nection between the components of the infeuoi vena cava 
and the portal system In Mammals no such connection occiiis. 

According to many author ities, the vascular system is de- 
veloped m the mesoblast from the hollowing out of strands 
of cells, the outer cells forming the walls of the vessels, the 
innei forming the constituents of the blood. The heart, with 
the exception of its endothelial lining, is a tubular de- 
velopment of the splanchnic mesoderm. 

Associated with the vascular system is the spleen, which 
appears to be an area for the multiplication or destruction 
of blood corpuscles. 

The lymphatic system^ developed m mesoblastic spaces, 
is a special part of the vascular system. It consists of fine 
tubes which end blindly m the tissues and drain off fluids, 
of larger vessels which the tubes combine to form, and 
which open into veins. The lymph vessels contain amoe- 
boid cells, and have associated lymphatic glands in which 
these lymphocytes are produced. 

Eespiratory system. — In BaIa?ioglossus, Tunicates, and 
AmphioxKs, the walls of the pharynx bear slits, between 
which the blood is exposed in superficial blood vessels to 
the purifying and oxygenating influence of the water. 

In Cyclostomata, Fishes, all young and some adult Am- 
phibians, there are not only clefts on the walls of the 
pharynx, but gills associated with these. On the large 
surface of the feathery or plaited gills, the blood is exposed 
and purified. 

In Reptiles, Birds, and Mammals, traces of gill-clefts 
occur in the embryos, but without lamellae or respiratory 
function. In the embryo the blood is purified, as will be 
explained afterwards, by aid of the foetal sac known as the 
allantois ; and after birth the animals breathe by lungs. 
All adult Amphibians also have lungs, to which the lung or 
swim-bladder of Dipnoi is physiologically equivalent. 

The gill-clefts arise as outgrowths of the endodermic gut 
which meet the ectoderm and open. The ventral paired 
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lungs arise from an outgrowth of the gut, as does also 
the swim-bladder of many Fishes, though it usually lies 
on the dorsal surface, has rarely more than a hydrostatic 
function, and usually has a blood supply different from 
that of the lungs. In Dipnoi and some '' Ganoids ” it is 
supplied by a pulmonary arteiy arising from the sixth aortic 
arch. There is probably a homology between lung and 
swim-bladder 

Excretory system. — The cle\elopment oi this is always compli- 
cated. In the embi} os of Veitebrates at an eaily stage there are always 
traces of a proneph os, 01 so-called head-kidney This is perhaps seen 
in its most pumitue condition m Amphzoxus, where, as already de- 
scribed, theie IS a senes of tubules, segmentall} ananged, opening on 
the one side into the bod;v cavit}. by several hame-cells, and on the 
othei into the atrial chambei, i e. the exterior. On the surface of 
each tubule a vessel connecting the sub-intestmal \em with the dorsal 
aorta forms a vascular plexus — the so-called glomus Such a con- 
dition of parts is never in its entiiety found in the Craniata. There 
the tubules open not directly to the exterior, but into a longitudinal 
pronephric or segmental duct, and they are usually few m number ; 
but in their segmental aiiangement, as showm by the blood supply, 
and in the piesence of glomera, they agree entirely with those of Am- 
phioxtts. In connection with the glomeia, it may be noted that w^hile 
the blood supply usually comes directly from the dorsal aorta, it has been 
showm by Paul Mayer and Ruckert that in the embryos of Selachians 
connecting vessels occur between the dorsal aorta and the sub-mtestinal 
vein, which foim rudimentary netw'orks on the tubules of the pronephros. 
This show^s a very striking correspondence with the conditions seen m 
Amphtoxiti,. 

The pronephros develops from the parietal mesoblast at the junction 
of the muscle segments and the unsegmented body cavity (see Fig. 270) 
in the anterior region, and vanes greatly in its degree of development. 
In Myxine and Bdellostoma it persists in adult life, though apparently, 
at least m part, in a degenerate condition, and is said to be the functional 
excretory oigan of the little (degenerate fish Fiez'asfer and some other 
Bony Fishes In most Bony Fishes, and in Amphibia, it is merely a 
larval organ, but is then large and important In Elasmobranchs and 
Amniota, except Crocodiles and Tuitles, it is from the first rudimentary 
and functionless 

The origin of the segmental or pronephnc duct is still undetermined. 
It usually arises from the mesoblast, m some cases glowing backwards 
directly from the ludmient of the pronephros, wFile in others the sur- 
rounding mesoblast takes an important part in its formation , in Elasmo- 
branchs, in Mammals, and in the chick, a connection with the epiblast 
has been described by various observers Ruckert is of opinion that it 
originally arose by the fusion of the outer ends of the pronephric 
tubules, and that the occasional connection w ith the ectoderm indicates 
the position of former excretory pores (cf, Amphioxus). 
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At a late peiiod m thu^e Upcs in 
\\hich the pionephios is a functional 
laival organ, but much eailiei in the 
higher Veitebiates, anothei senes 
ot tubules IS diffeientiated fiom the 
mesoblast and acquinng a con- 
nection with the segmental duct, 
constitutes the niesoneph os, oi mid- 
kidney The tubules aiise usually, 
though not invariably, neater the 
posterioi end of the body than the 
pionephios, and aie formed from 
the poition of the mesoblast which 
connects the muscle segment and 
the lateial plate (see Fig. 270) 
Below the Amniota the mesonephios 
forms the peimanent excietoiy 
oigan. In highei foims anothei 
series of nephridial tubules auses 
still faithei back in the body, and 
foims the metanephios, or peima- 
nent kidney. The meson ephiic 
and metanephi ic tubules resemble 
each other closely, but the 1 elation 
of the formei to the pionephros 
IS still a debated point When 
fully developed, a mesonephnc 
tubule consists of— (i) an internal 
ciliated funnel (nephrostome), which 
opens into the body cavity, but 
IS only laiely repiesented, (2) a 

Fig. 270 — Development of excie- 
tor}” s\stem of Vertebiate — In 
pait after Boven 

In I the primitive segments aie not 
separated off from the lateral plate, 
and the pronephros {fin ) is seen arising 
from the lower part of the pumitive 
segment In II the pionephros is com- 
pletelj separated off from the prinii- 
ti\e segment and lateral plate In 
III the origin of the mesonephric 
tubules IS seen They arise from the 
upper part of the lateral plate, which 
IS now completeb separated from the 
primitive segment, and cuiving lound 
the pronephric duct come to open into 
It 

fi c , nerv^e coid, nth , notochord , , 

pionephros, g, gut, ps, primitive 
segment , mes , mesonephnc tubule , 
pn d , pronephne duct ; be, hod 3 
cavntj , ao , aorta , sw , sub-intestinal 
vein, with vessel to the aorta 
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small ca\ity (Malpighian capsule) deined fioni the crelom, and con- 
taining a mass ol capillaiieb which pioject into the ca^itj of the 
tubule, and (3) a coiled lube in pait excreton, in part a conducting 
canal foi the waste fiiteied fioin the bh:)od The nietanephnc 
tubules have a quite similai stiuctuie, but the nephiostome is nevei 
piesent 

In all Vertebrates the primitive nephridia open into a 
pair of longitudinal ducts, developed like the nephridia as 
special portions of the coelom. These ducts open into the 
end of the gut. According to their connections with the 
nephridia these longitudinal ducts are called pronephnc, 
mesonephiic, or metanephnc ducts, and they are also called 
segmental ducts. In Elasmobranch fishes a Miilleiian duct 
IS separated off from in front backwards from the 
longitudinal duct and forms the oviduct of the female, a 
rudiment in the male. After the separation of the Mullerian 
duct, the longitudinal duct (now called mesonephric or 
Wolffian) forms in the male the vas deferens and also 
receives the tubes from the permanent kidney (mesonephros). 
In the female the Wolffian duct has this last function In 
general it may be said that the original longitudinal duct 
becomes the vas deferens in the male Vertebrate, and that 
another duct — the Mullerian — whose development is obscure 
except in Elasmobranchs, forms the oviduct. The meta- 
nephric duct, developed in part from the hinder end of the 
mesonephric duct, is the ureter of the permanent kidney in 
Amniota. 

Suprarenal bodies. — These aie found in most Veitebrates near 
the reproductive oigans and kidnejs. They seem to increase in 
impoitance as we ascend the series Typicall}, eaeh shows a dis- 
tinction into a cortical and a medullaiy zone It is usually asserted 
that these two aieas ha^e a different oiigm, the medullary region being 
deii\ ed from the sympathetic nervous system, the coitex from the ccelomic 
epithelium. There is much evidence (moiphological and ph}sioIogical) 
that the suprarenals of Elasmobianchs correspond to the medullary pait 
in Mammals, wbile the interrenals of Elasmobranchs and the suprarenals 
of Teleosts and Ganoids coi respond to the cortical portion in ^lammals 

With regard to function, there is some uncertainty The suprarenal 
bodies are i elatively very large m embryonic life, but fail to maintain 
then primitively rapid rate of growth A substance, adrenalin, can be 
extracted from them which has a lemaikable action upon the parts 
innervated by the sympathetic system, pioducing on injection the same 
effects as stimulation of the sjmi pathetic would ha\e, eg constriction 
of the arteiioles, and consequent heightening of the blood pressure. 
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Reproductive system. — The ovaries and testes are 
developed from a ridge formed by a part of the epithelium 
lining the abdominal cavity, this ridge constituting the 
so-called germinal epithelium. 

In the male the proliferating germinal epithelium is 
divided by embryonic connective tissue into numerous 
follicles. The cells of the follicles form seminal mother- 
cells, which, by their ultimate divisions, give rise to sper- 
matozoa From the mesonephros, tubules grow out to the 
embryonic testes, these form the collecting tubes of the 
organs and open into the Wolffian duct, the vas deferens 
of the adult. 

In the female the ovary is similarly divided up into 
follicles. In this case, however, differentiation sets in 
among the originally equivalent cells of the follicle. One 
cell in each follicle is more successful than its neighbours, 
which are sacrificed to form an envelope of follicular cells 
around the single large ovum cell. The ova are usually 
shed into the body cavity, and pass thence to the exterior 
by the Mullerian ducts or oviducts 

In many cases, between the follicular cells and the ovum there is a 
membrane, the zona radiata, which is tiaversed by fine pores, and, in 
consequence, has a striated appeaiance ; other egg membranes, more or 
less transitory m nature, also occur In the lower Vertebiates the layer 
of follicle cells is single, but in Mammals (except m Monotremes) it is 
multiple, and a quantity of clear fluid accumulates between the cells 
and the ovum The whole forms a ‘‘Graafian follicle,” which bursts 
when the ovum is liberated. 

Before fertilisation takes place, the ovum undergoes a process of 
maturation, during which extrusion of polar bodies typically occurs; 
the technical difiiculties in the way of the definite obser\Tation of this 
fact are, however, often veiy great. The ova are fertilised outside the 
body in Cyclostomata, Ganoids, Teleosteans, Dipnoi, and tailless 
Amphibians , internally m the other Vertebrates. 

Hermaphroditism occurs as a normal state in Tumcata, most of which 
are first functionally female and then male (protogynous) ; m Myxim 
(yzA.), which is first male and then female (protandrous) ; m some 
species of the Teleostean genera Chrysophrys and Serranus, of which 
the latter is regularly self-fertilising ; and m a solitary Batrachian. It 
occurs casually in some Selachians, m the sturgeon, in about a score of 
Teleosteans, eg, cod, in various Amphibians, and more rarely in 
Amniota. There are also embiyological facts which suggest that the 
embryos of higher Vertebrates pass through a state of hermaphroditism 
before the unisexual condition is reached. On these grounds it has 
often been suggested that the original Vertebrate animals were 
hermaphrodite. 
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The quantity of yolk piesent in the egg \aues very gieatly in 
Vertebiates, and its piesence oi absence exeicises a pi ofoimd influence 
upon the processes of development Following Hertwig, w^e may notice 
that the presence of } oik has both a physiological and a moiphological 
effect Physiologically, the presence of a stoie of nutiiment enables the 
developmental piocess to be earned on unmteiruptedly, and the peiiod 
of independent life to be postponed until moie oi less complexity of 
oiganisation has been attained Tvloiphologicall}, the yolk acts as a 
check to the activity of the piotoplasm, and by substituting an 
embryonic mode of nutrition for that foi w^hich the adult organism 
IS fitted, tends to pievent a speedy establishment of the adult form 
When much }olk is piesent, it usually foims a heinia-like yolk-sac, 
hanging down fiom the embiyonic gut As a further consequence, we 
may notice the tendency to the production of embryonic oigans useful 
only during embi} omclife We must consider the foimation of an 

organic connection between mother 
.y and unborn young as a further step 

same direction as the acqui- 
ot; sition of yolk This is hinted at in 
some Fishes and Reptiles, but cul- 
A yf/. inmates m the placental Mammals 

f® W| It may be looked at m tw^o differ- 

MjLfs Oti the one hand, the 

of the nourishment from 
tbe ovary, during the period of 
gestation, tends to starve the remain - 
ing ovarian ova, and this check to 

Fig. 272 -Mammalian ovum.- durmg 


After Heitwig. lactation (Rj-der) ; on the other 

^ hand, the chance of suivival is 

’ much increased, and the maternal 

follzcle cells , fc , follicle cells, form- rj \ ^ r ^ 

ing discus prohgerus, y/, cavity sacrifice finds its justification in 

occupied by liquor folliculi the increased specialisation of the 

offspring. 

In accordance with the effect of the piesence of yolk as noted abo^e, 
we find that segmentation IS total (holoblastic) in the ova of the lam- 
prey, the sturgeon, Ceratodtis, Amphibians, and all Mammals except the 
Monotremes In the ova of Elasmobranchs, Teleosteans, Reptiles, 
Birds, and Monotremes, the activity of the protoplasm is not sufficient 
to overcome the inertia of the yolk, and segmentation is partial 
(meroblastic). 

Similarly we find that a gastrula is formed, in part at least, by dis- 
tinct invagination in the development of the lampiey, the sturgeon, 
and Amphibians (though the occunence of invagination has been denied 
for the frog) ; it is more modified in Teleosteans and Elasmobranchs, 
whose ova have more yolk ; it is much disguised in Sauropsida and 
Mammals. 


Most Vertebrates lay eggs in which the young are hatched 
outside of the body, and to all these forms the term om- 
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parous IS applied. In some sharks, a few Teleosteans* some 
tailed Amphibians, a few lizards and snakes, the young are 
hatched before they lea\e the body of the mother. To 
these cases the awkward term ovo-vimparous is applied, but 
there is no real distinction between this mode of birth and 
that called oviparous, and both may occur in one animal 
ie.g in the grass-snake) m different conditions In the 
placental Mammals there is a close organic connection 
between the unborn young and the mother, and the 
parturition in this case is usually called viviparous. But all 
the three terms are bad. 



CHAPTER XXI 

PHYLUM CHORDATA 
SUB-PHYLUM CRANIATA 

Class CYCLOSTOMATA 
{Syno7iym^ Marsipobranchii) 

The hag {Myxme)^ the lamprey {Petromyzon\ and a few 
others like them, differ m so many ways from Fishes, that 
they must be ranked in a distinct class. They represent an 
archaic type, whose interest has been enhanced by the 
discovery of PalcBosp07idylus in the Old Red Sandstone. 

General Characters 

Ufilike all higher Vertebrates {G7iathosto7nata)^ the 
Cyclosto77iata have rouTid suctorial 7nouths^ without distinctly 
developed jaws They are also without paired fins a?id 
without scales Their respiratory system consists of paired 
gill-pouches^ to which the term Marsipobranch refers. The 
body is verniiforin^ the U7ipai7'ed fins have 710 true fin-rays, 
hi the extant forms the skeletoii is wholly cartilaginous^ and 
the notochord persists unconstricted. The nasal organ is 
unpaired, there is no sympathetic nervous system, no conus 
arteriosus, no distinct pancreas, no spleen, no genital ducts, 
and the segmental duct persists as such. Their geographiccil 
distribution is wide. 

First Type Myxine — The Hag 

The glutinous hag {Myxine glutinosd) is not uncommon 
off the coasts of Britain and Scandinavia, the Atlantic 
coast of America, etc. It lives in the mud at depths of 
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40 to 300 fathoms. It often lies buried with only the 
nostril protruding fiom the mud, but it can swim gracefully 
and rapidly in eel-like fashion in search of prey. It eats 
the bait off the fisherman’s long lines, and it also enters and 
devouis the cod, etc., which have been caught on the hooks 
According to some, the hag also bores its way into free- 
swimming fishes, but the evidence is not satisfactory Ac- 
cording to Mr. J. T Cunningham, the }oung animals are 
hermaphrodite, containing immature ova and ripe sper- 
matozoa, while older forms produce ova only. If the same 
form is first functionally a male and afterwards functionally 
a female, the term “ protandrous hermaphroditism ” is 
justified, and Nansen corioborated Cunningham’s dis- 
covery, which is, however, disputed by Bashford Dean. A 
somewhat similar “protandious ” hermaphroditism is knowm 
elsewhere, e,g in the Nemertean Sfichostemma etlhardh, in 
the aberrant Myzosto^na, and in the crustacean Cymothoidae. 
Hag are said to spawn in late autumn. Of the development 
and early history nothing is known. 

Form, skin, and muscular system. — The body is eel- 
like, measuring 15 to 24 in. in the adult. The colour is 
pinkish, the red blood shining through an unpigmented 
skm. There is a slight median fin around the tail; beside 
the mouth and nostril there are four pairs of sensitive 
barbules. There are no paired fins. The cloacal opening 
is near the posterior end of the body. 

The skin is scaleless, and rich in goblet cells, w^bich 
secrete mucus. There is also a double row of glandular 
pits, partly embedded in muscle, and arranged segmentally 
on each side of the ventral surface along its entire length. 
Each opens by a distinct pore, and so much mucus is rapidly 
secreted that the ancients said the hag “ could turn water 
into glue.” This makes the hag difficult to grip, and its 
function is doubtless in part protective. The mucus chiefly 
consists of strange spiral threads w^hich uncoil when ejected 
from the sacs. 

The zigzag muscle segments or myomeres are traceable. 
The rasping teeth are worked by a powerful muscular 
structure, sometimes called a “tongue.” A section 
of this shows a strong muscular cylinder surrounding a 
cartilage. 
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Tlie skeleton. — The skeleton is wholly cartilaginous 
The notochord persists unsegmented within a firm sheath, 
the skull is a simple unroofed trough, jaws are not 
distinctly developed, there is only a hint of the complicated 
basket-work which supports the gill-pouches of the lamprey , 
but the tongue, the barbules, etc., are supported by cartila- 
ginous rods The end of the notochord in the tail is quite 
straight (protocercal or diphycercal) 

Nervous system. — The brain has the usual parts, but 
the cerebrum and cerebellum are little more than rudiment- 
ary. It is much compressed, with practical obliteration 
of the ventricles. The fore-brain seems to agree with that 
of “ Ganoids ” and Teieosteans in having a non-nervous roof. 



Fig 273 — Median longitudinal section of anterior end 
of Myxine . — After Retzius 

A’’ 5 Nostril , b , barbule , B , brain , nch , notochord , G , gullet , T , tongue 
muscle ; J/ , mouth ca\ity 


The spinal cord is somewhat flattened, and is sheltered 
simply by fibrous tissue. Throughout at least a portion of 
the cord there are two dorsal roots for each ventral root. 
The union of dorsal and ventral roots is only partial, and 
there is no sympathetic system. There is no lateral line 
system. 

The eye is without lens, cornea, ms, or muscles, and is 
hidden beneath the skin, the optic nerves do not cross 
until they enter the brain, the ear has only one semi- 
circular canal. The single nasal sac (with paired folds of 
olfactory epithelium in Bdellostoma^ an American relative) 
opens dorsally at the apex of the head, and communicates 
posteriorly with the pharynx by a naso-palatine duct It 
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may be, as in the lamprey, a combination of olfactory and 
pituitary involutions. The absence of pigment and sensory 
structures m the skin, and the simple state of the eye and 
ear, may be partly associated with the hag s mode of life. 
It seems probable that the simplicity is primitive rather 


than degenerate 

Alimentary system. — The 
mouth is suctorial There is a 
median tooth above, and two rows 
of teeth are borne on each side of 
the muscular ‘tongue” These 
teeth are entirely “ horny, but 
sharp. Into the mouth, just m 
front of a fringed velum which 
separates it from the pharynx, the 
nasal, or, as some would say, the 
naso-pituitary, sac opens. Thus 
water passes from the nostril into 
the pharynx, It may be, as Beard 
suggests, that this passage is a per- 
sistent ^‘old mouth,'’ the palseo- 
stoma of Kupffer. From the gullet 
open six respiratory pouches, each 
of which has an efferent tube, and 
the six efferent tubes of each side 
unite in a common exhalant ori- 
fice. The gut IS straight and 



Fig 274 — Respiratory s} S' 


uniform, with wavy longitudinal 
ridges internally, with a two-lobed 
liver and a gall-bladder, but with- 
out the usual pancreas. The 
anus lies within an integumentary 
cloacal chamber. 

Eespiratory system. — Water 


tern of hag, from ventral 
surface. 

b , Ba.ibules , m , mouth opening 
on ventral surface , ^ , gullet , 
^ , first gill-pouch, cut open 

to show internal lamellae , £'j!’ 
sixth gill-pouch, £.u., exhalant 
canal of first gill-pouch ; , 

ventricle of heart , aa , aorta ; 
a , common exhalant apeiture 


may enter by the nasal sac or 

by the mouth. It passes into the pharynx, down the 
gullet, into the six pairs of respiratory pouches and 
their efferent tubes, and leaves the body by the single 
aperture at each side. The respiratory pouches have 
much-plaited internal walls, on which the blood vessels are 
spread out. On the left side, behind the sixth pouch, a 
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tube (the cesophago-cutaneous duct) opens from the 
oesophagus to the exhalant aperture. Perhaps some water 
enters by it in inspiration. 

Vascular system. — The blood contains the usual amoe- 
boid leucocytes and red blood corpuscles, elliptical in 
form (circular in the lamprey) It is collected from the 
body m anterior and posterior cardinals, passes through 
a sinus venosus into the auricle of the heart, thence to 
the ventricle, thence along a ventral aorta, which gives off 
vessels to the respiratory pouches. From these the purified 
blood passes dorsalwards m efferent branchial vessels, which 
unite posteriorly to form the dorsal aorta, while from the 
most anterior a branch goes to the head The portal vein 
has a contractile sinus which drives blood through the 
liver. The pericardium is in free communication with the 
general body cavity. 

Excretory system — The segmental pronephiic ducts peisist, 
and give off short lateial tubules, metanieiically arianged, ending in 
globular malpighian capsules. The pronephros is functional in the 
young foim, and at least part of it persists throughout life, in a 
lymphoid structure beside the pericardium. 

The ducts end by sepaiate pores on a papilla within the integument- 
ary cloaca. 

Reproductive system. — Myxi?ie is a protandrous herma- 
phrodite, spermatozoa being formed at an early period, 
and ova afterwards The reproductive organ is simple, 
unpaired, and moored by a median dorsal fold of peri- 
toneum, Owing to the large size of the ova, the ovary is 
very conspicuous in full-grown forms. When the ova are 
freed from the ovary, they pass into the body cavity Each 
has an oval horny membrane, with a circlet of knobbed 
processes at each end. By these they become entangled 
together. There are no genital ducts, but just above the 
anus there is a large genital pore opening from the body 
cavity into the integumentary cloaca The development 
is still unknown. 

Besides Myxine ghtitnosa, two other species are known — one from 
Japan, another from the Magellan Straits The southern M australis 
lives in shallow watei close by the shoie, but the others live in deep 
watei. The genus Bdellostoma, from the Pacific coasts of Ameiica, 
off the Cape of Good Hope, etc , is neaily allied 
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The best - kno\\ n species, 
Bdellostoma dombeyi, lesembles 
the hag in many \\ a} s It li\ es 
at the bottom of the sea, at 
depths of a handled fathoms or 
more, and is often found inside 
caught halibut, etc The gill- 
pouches have separate openings, 
and aie extraordinaiily variable 
m number, from six to fourteen 
on either side — a variability per- 
haps pointing to ancestral reduc- 
tion from a larger number (cf 
Amphzoxus) Large eggs are 
laid on a shelly oi rocky bottom, 
become connected by polar 
hooks in chains or clusters, are 
feitilised after deposition, and 
exhibit meroblastic discoidal 
segmentation and direct devel- 
opment. Ayers’ experiments 
show that the removal of one or 
both ears m this form does not 
materially affect equilibiation 

Second Type 

Petrojnyzon — The Lamprey 

There are three British 
species — the sea lamprey 
{Petromyzon marinus), over 
3 ft in length; the river 
lampern {P. Jluviatilis), 
nearly 2 ft. long; and the 
small lampern or “stone- 
grig” {P pla?ieri) They 
eat worms, small crustace- 
ans, insect larvae, dead 
animals, etc. ; but they also 
attach themselves to living 
fishes, and scrape holes in 
their skin. As their names 
suggest, they also fix their 
mouths to stones, and some 
draw these together into 
nests. 



Fig 275 . — Bdellostoma stouti (Cali- 
fornian bag), enveloped m sheath 
of mucus — After Bashford Dean. 
A, Barbules e , eyes m mucus; eg- , eggs 
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The spawning takes place in spring, usually far up rivers. 
Before laying the eggs, the lamprey seems to fast (cf 



I The entire animal ; note the seven gill-shts of which the first is 
marked g s , the nostril , and the unpaired median fins 
11 Central aspect of the head ^ ui ^ upper teeth , / / , lower 
teeth , p , the piston in the mouth III Upper surface of the 
head , n , the nostril with the pineal groove behind it , e , the eye 


salmon, Protopterus, frog), and its muscles undergo a 
granular degeneration (cf. Protopterus, tadpole, etc.). Soon 
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after spawning the adults of both sexes die. For reproduc- 
tion IS often the beginning of death as well as of life, though 
in higher animals the nemesis may be slow. The young 
are in many ways unlike the parents, and after 2-4 years 
pass through a striking metamorphosis. To the larvae 
before metamorphosis the old name Ammoc(stes is applied. 

Form, skin, and muscles. — The body is eel-like, with 
two unpaired dorsal fins, and another round the tail 

The skin is scaleless, slimy, and pigmented. Its structure, 
like that of Myxine, is complex Sensory structures occur 
on the head and along the sides, and form a lateral line 
system. 

E Cb 



Fig. 277, — Longitudinal vertical section of anterior end 
of larv’al lamprey — After Balfour. 

in , Mouth , th , thyroid , f one of the gill-pouches , ao , ven- 
tral aorta , h , heart , , notochord , S C y spinal cord , E , 

auditory, vesicle , ch , cerebellum y p b ^ pineal body , ch.y 
cerebral hemispheres , olf y olfactory involution. 


The muscle segments or myomeres are well marked. 
The suctorial mouth and the rasping “tongue” are very 
muscular 

The skeleton. — The skeleton is wholly cartilagmous. 
The notochord persists unsegmented, but its firm sheath 
forms rudimentary neural arches. The skull is imperfectly 
roofed. There are no distinct jaws, but a cartilagmous ring 
supports the lips of the mouth. There is a complex basket- 
work around the gill-pouches, but it is not likely that its 
elements correspond to visceral arches. Endoskeletal 
cartilaginous rods, not comparable to the dermal fin-rays 
of fishes, support the dorsal and caudal fins, and other 
skeletal parts occur about the “ tongue.” The caudal end 
of the notochord is quite straight. 
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Nervous system. — The brain has the usual parts, but is 
small and simple, the roof of the fore-brain is composed 
of non-nervous epithelium , there is a distinct pineal 
body, with hints of an eye, the oral part of the hypo- 
physis is developed from in front of the mouth, and 
becomes closely connected with the involution of epiblast 
which forms the nostril. A unique peculiarity m the brain 
is that the middle part of the roof of the iter is simply 
epithelial. The spinal coid is flattened ; the anterior and 
posterior roots of the spinal nerves alternate and do not 
unite , there is no sympathetic system. 

Though the larva sometimes receives the name of “ nine- 
eyes” — ■which expresses a popular estimate of the branchial 
apertures — it is blind, for the eyes are rudimentary and 
hidden. In the adult they rise to the surface, and are 
fairly well developed. The optic nerves do not cross until 
they enter the brain. The ear has only two semicircular 
canals instead of the usual three. The single nasal sac 
does not open posteriorly into the mouth as it does in 
Myxine , though prolonged backwards it ends blindly. Its 
external opening is at first ventral, but is shunted dorsally 
and posteriorly. 

Alimentary system. — The oral funnel, at the base of 
w^hich the mouth lies, has numerous horny teeth. It is 
applied to the lamprey’s victim, and adheres like a vacuum 
sucker; the toothed ‘‘tongue” works like a piston; both 
flesh and blood are thus obtained. From the floor of the 
pharynx an endostylar groove is constricted off to form 
the thyroid. 

From the gullet of the young larva seven gill-pouches 
open directly to the exterior ; m the adult this larval gullet 
becomes wholly a respiratory tube. It is closed pos- 
teriorly, and opens anteriorly into the gullet of the adult, 
which is a new structure. At the junction of the lespira- 
tory tube with the gullet of the adult he two flaps or 
vela. 

The rest of the gut is straight and simple, with a single- 
lobed liver, but with only a hint of a pancreas. The gall- 
bladder and bile-duct disappear in the adult, and the whole 
intestine is partially atrophied. There is a slight spiral 
fold in the intestine 
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Eespiratory, vascular, and excretory systems.— Seven 
gill-pouches with plaited walls open directly to the exterior 
on each side, and communicate indirectly with the gullet. 
Water enters the pouches partly via the mouth, partly 
by the external apertmes (spiracula), and the movements 
of the branchial basket and of the tongue-piston aid greatly 
m the process. In the larva there is an eighth most 
anterior pouch ’which does not open to the surface. It 
corresponds to the spiracle of Elasmobranchs. With each 
of the seven open pouches in the larva four thymus 
rudiments are associated. 

The vascular system is essentially the same as in the 
hag. The red blood cells are biconcave, circular, nucleated 
discs. 

The segmental or pronephnc ducts persist as ureters, 
and are connected with lateral mesonephric tubules forming 
a kidney more complicated than that of the hag. The 
pronephros, w^hich is functional in the larva, entirely dis- 
appears. The ureters unite terminally in a urogenital sinus 
(not present in the hag), into which there open two genital 
pores from the body cavity. The sinus opens, like the 
anus, into an integumentary cloacal chamber. 

Eeproductive system. — The sexes are separate, but ova 
sometimes occur in the testes. The reproductive organ is 
elongated, unpaired, and moored by a median dorsal 
mesentery. There are no genital ducts. The ova and 
spermatozoa are liberated into the body cavity, and pass 
by two genital pores into the urogenital sinus, and thence 
to the exterior. In the male there is an ejaculatory 
structure, or so-called “penis.” There are many more 
males than females 

Development of P. planeri — The ripe ovum has a considerable 
quantity of yolk, but segmentation is total though slightly unequal. A 
blastosphere is succeeded by a gastrula The blastopore persists as 
the anus of the animal, and there is no neurenteric canal 

The formation of the central nervous system is peculiar, for the sides 
of the epiblastic infolding remain in contact instead of forming an open 
medullary canal. 

In the'head region, where the gut is not surrounded by yolk-cells, 
the mesoblast is formed from hollow folds in enteroccelic” fashion ; 
but m the trunk region the cushions of hypoblastic yolk- cells change 
gradually into mesoblast, and acquire a coelom cavity in ‘*schizocoelic” 
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fashion. Thus the two mam ways in which a body cavity arises — 
{a) fiom coelom pouches of the archenteron, {T) from a splitting of solid 
mesoblast rudiments — are heie combined 

Metamorphosis of Lampreys —The laivce lue wallowing m 
the sand or mud of streams, and feed on minute animals Those of P 
J)Ia7ieri are so unlike the adults that they vveie once refeiied to a dis- 
tinct genus Ammocaies, and though a Strasbuig fisherman, Baldner, is 
said to have discovered their tiue natuie about two hundred years ago, 
the fact was overlooked until August Muller tiaced the metamoiphosis 
in 1S56 In the small lampern the change to the adult state is some- 
times postponed until the autumn of the fourth 01 fifth year, when it 
completes itself rapidly. Less is known about the metamorphosis of 
the other species 

In the Am?nomUs, or larva before metamoiphosis, the head is small, 
the dorsal hn is continuous, the upper lip is semicircular, the lower lip 
IS small and separate, the mouth is toothless and not suctorial, the 
brain is long and narrows the eyes aie half made and hidden beneath 
the skin ; the futuie gullet, as distinguished from the respiratory tube, 
is not yet developed. 


Contrast between Hag and Lamprey 


Hag {Myxine) 

Lamprev (PctromyzoTi) 

Exclusively marine 

The fin is confined to the tail 
Numerous large glands m the com 
plex, slimy skin 

Ivlouth with barbulesj no lips, few 
teeth 

In rivers and seas 

Two unpaired dorsal fins 

Sensory structures in the complex, 
slimy, pigmented skin 

No Wbules (except in the larva), 
but lips, and many teeth 

Skull without any roof 

Skeletal system less de\ eloped than 
m the lamprey Only a hint of a 
branchial basket 

Cerebrum and cerebellum rudiment* 
ary 

Eyes hidden and rudimentary 

Ear with one semicircular canal 

Nasal sac opens posteriorly into the 
mouth cavity 

Skull very imperfectly roofed 

Hints of vertebral arches 

Cartilaginous basket - work around 
gill-pouches 

All the usual parts of the brain are 
distinct 

Eyes hidden and retarded in the 
larva, exposed and complete in adult 

Ear with two semicircular canals 

Nasal sac ends blindly 

Six pairs of gill-pouches, opening 
directly into the gullet, less directlj to 
the exterior 

Seven pairs of gill-pouches, opening 
directly to the exterior, less directly 
into the adult gullet 

Longitudinal ridges in the intestine 

A slight spiral fold in the intestine 

No urogenital sinus, one genital 
pore 

A urogenital sinus, and two genital 
pores 

Ova large and oval, with attaching 
threads , meroblastic in Bdellostoma 
Development unknown in Myxine , 
direct in Bdellostoma 

Ova small and spherical , holo- 
blastic 

Development with metamorphosis 
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Lampie>s are distnbuted m the luers and seas of north and south 
operate regions They are often used food. Besides Petromyzon 
ne aie several related geneia, eg Mordaua and Geotiia, from the 
ists of Chill and Australia, and Ickthyomyzcn, fiom the west coast 
N Ameiica Ceitain structiues called conodonts,"’ from very 
:ient (Siluiian) stiata, have been mterpieted as teeth of lampre}s 
hags. 


Palseospondylus gunni. — Under 
is title Dr Traquair has de- 
rided a very remarkable fossil 
rm from the Old Red Sandstone 
Caithness. He speaks of it 
a “strange relic of early verte- 
ate life.” 

It is a dainty little creature, 
mewhat tadpole-like at first 
^ht, usually under an inch in 
igth The following characters 
Int strongly to its affinities with 
^clostomata — 

T) “The skull is apparently foimed 
calcified cartilage, and devoid of 
ciete ossifications.’’ An anterior part 
comparable to the trabecular and 
htal region of a lamprey’s skull ; 
posterior part is comparable to the 
rachoidal region and auditory cap- 
es, 

[2) “There is a median opening or 
g, surrounded with cirri, and presum- 
[y nasal, m the front of the head” 

Ig 278, 71 ). 

[3) “There are neither jaws nor 
lbs ” 

[4) “The rays which support the 
idal fin expansion, apparently spring- 
^ from the neural and hmmal arches, 

^ dichotomised (at least the neural 
ss), as are the corresponding rods in 
J lamprey ” 

[ust behind the head he two small 
iong plates (Fig 278, closely 

posed to the commencement of the 
‘tebral column, one on each side, 
le notochordal sheath is calcified in 
‘ form of ring-shaped or hollow verte- 


dc 



Fig 278. — Restored skeleton 
of Pal^Eospondylus gU7i7n 
— After Traquair. 

d.c , Cim of dori>al margin , / , 
long lateral cirri ; ekt , cim of 
ventral margin , n , nasal ring , 
t,p , antenor trabeculo -palatine 
part of cranium ; b , anterior 
depression or fenestra; c., pos- 
terior depression or fenestra, 
a , lobe divided off from antenor 
part ; p CL, ^ posterior or para- 
chordal part of cranium , x , 
post-occipital plates 
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bral centra with neuial arches. Towards the tail the arches are 
produced into slender neural spines, opposite which are shorter 
ha;mal ones 


Class Hypos lOMATA or Osi racodermi 

E\tinct forms without jaw's, without a segmented axial skeleton in 
the trunk, without any trace of girdles, with complex dermal armature. 



Fig. 279 — Pterichthys milieu. Lateral view — Restored by Traquair. 


wnth a head shield ; Silurian and Devonian, e g Pteraspis and Cep/ia- 
laspzs, both without paired limbs ; and Pterichthys and Bothriolepis, 
with strange armoured paddles (probably not limbs in the ordinary 
sense) fixed to the antero-lateral angles of the body- shield Their 
systematic position is very doubtful They are the oldest known 
Vertebrates 
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Cl4SS PISCES— fishes 

Sub-Clasb I Elasmobranchii — 

Order Plagiostomi (skates and sharks). 

Order Holocephali {Chimcera and Callorhynthns) 

Seveial extinct orders, eg Acanthodci. 

Sub-Class II Teleostomi 

Older Crossopterygii {Polyptei us) 

Oidei Chondiostei, eg stuigeon 
Order Holostei, e g bony pike. 

Order Teleostei, the great majoiity of luing fishes 
Sub-Class III. Dipnoi — 

Ceratodiis, Protopterus, and Lepidosi't en ^ and many extinct foims. 

Fishes form the first markedly successful class of Verte- 
brates. For though the Tunicates are numerous, most of 
them are degenerate , the level attained by the lancelets 
is represented by, at most, two or three closely related 
genera j and the Cyclostomes are also few in number 

In the possession of a vertebrate axis and central nervous 
system, in the general integration of their structure, and m 
their great fecundity, Fishes have an easy pre-eminence 
over their Invertebrate inferiors. "With their typically 
wedge-like bodies, supple muscular tails, fin-like limbs, and 
the like— they are well adapted to the medium in which 
they live 

Their success may be read m the immense number of 
individuals, species, and genera, not only now, but in the 
past ; in the geological record which shows how the 
cartilaginous Elasmobranchs have persisted strongly from 
Silurian ages, or how the mysterious decadence of the 
‘^Ganoids’’ has been followed by a yet richer predomin- 
ance of the modern Bony Fishes , and, furthermore, in 

34 
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the plasticity with which many types appear to have 
assumed particular specialisations, such as the lungs of 
Dipnoi, which point forward to the epoch-making transition 
from water to dry land. 

General Characters 

Fishes are aquatic Vertebrates^ breathing by gills ^ — vascular 
outgrowths of the pharynx, bordeiung gill- clefts a?id supported 
by gill-arches. In Dipnoi a single or double outgivwth from 
the gut — the air- or swim- bladder— functions as a lungj air 
being inspired at the surface of the water In most Teleo- 
stomes the same structure is present^ but though occasionally of 
some use in respiration^ is typically hydrostatic. 

Two pairs of non-digitate limbs ^ i.e. in the form of fins, 
are usually present, and there are also unpaired media?i fins, 
supported by dermal fin-rays {dermofrichio). There are two 
chief types of paired fin, but no hint of the pent adacty I type of 
higher Vertebrates. In Dipnoi, and in some extinct forms, 
the fin has a median segmented axis, which (e g. Ceratodus) 
bears on each side a series of radial pieces. In other fishes 
the radials diverge outwards on one side from several basal 
pieces, and there is no median axis. 

The skin usually bears numerous scales, mainly or wholly 
due to the dermis, but covei’ed by a layer of epidermis, which 
may produce enamel. They vary greatly in form and texiim, 
are suppressed in electric fishes, and rudimentary in eels and 
some other fomns. Numerous glandular cells occur in the 
skin, hut these are not compacted into multicellular glands, 
except in Dipnoi and a few poisonous fishes. The skin also 
hears sensory structures, usually aggregated on the head, and 
arranged in one or more lateral lines''^ along the trunk. 
There are no muscular elements in the dermis. The muscle 
segments or myotonies persist as such in adult life. 

In many the gut ends in a cloaca, in others a distinct anus 
lies in front of the genital and unnary aperture, or apertures. 
The nostrils are paired, and do not communicate with the 
mouth by posterior nares , they are exclusively olfactory 
organs. There is no tympanic cavity or tympanum, or ear- 
ossicles. 

The heart is two-chambered, and contains only venous 
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blood, except in the Dipnoi^ tt'here it shows hints of becoming 
three-chambered^ and receives pure blood fi'om the lungs as 
well as impure blood from the body Apart from the Dipnoi, 
the heart has a single auricle receiving impure blood from the 
body, and a ventricle which drives this through a ventral 
aorta to the gills, whence the purified blood flows to the head 
and by a dorsal aorta to the body. In addition to the two 
essential chambei^s of the heaid, theie is a sinus venosus, 
which serves as a porch to the auricle, and there is often a 
muscular conus arteriosus in front of the venhicle, or a 
bulbus arteriosus at the base of the ventral aorta. Except 
in Dipnoi, there is no vein which resembles whai is known 
in all higher Vertebrates as the inferior vena cava, 1 e. a 
single vessel receiving hepatic veins from the liver, renal veins 
from the kidneys, and others from the posterior region. Its 
place IS taken by paired posterior cardinals. The kidney is 
usually a persistent mesonephros 

There is no distinct indication of an outgrowth fivm the 
hind end of the gut comptxrahle to that which forms the 
bladder of Amphibians or the allantois of higher Vertebrates. 

Most fishes lay eggs which are fertilised in the water. 

Compared with Cydostomes, the true fishes shorn a distinct 
advance. Thus we may note — the jaws formed from the 
first visceral arch, the limbs, the dermal exoskeleton of scales, 
the frequent occurrence of bone, the true teeth, the paired 
nostrils, the three semicircular canals, the renal-portal 
system, the spleen, and the genital ducts. 


First type of Fishes. The Skate {Raja) — one of the 
Elasmobranchii 

The smooth skate {R batis), the thornback {R. clavata), 
and the ray {R maculata), and other species, are common 
off British coasts. They are very voracious fishes, and 
live on the bottom at considerable depths. 

External characters. — ^The body is flattened from above 
downwards or dorso-ventrally, unlike that of the bony flat- 
fishes, such as plaice and flounder, which are flattened 
from side to side. The skate rests on its ventral surface, 
the flounder on its side. The triangular snout, the broad 
pectoral fins, the long tail with small unpaired fins, are 
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obvious features. On the dorsal surface the skin is pig- 
mented and studded with placoid scales on the top of 
the skull there are two unroofed areas or fontanelles; 
numerous jointed radials support the pectoral fins. Behind 
the lidless eyes are the spiracles — the first of the obvious 
gill-slits, opening dorsally, containing a rudimentary gill, 
and communicating posteriorly with the mouth cavity. 
On the ventral surface are seen the sensory mucus canals, 
the transverse mouth, and the nostrils incompletely separated 
from it, as if in double harelip, the five pairs of gill aper- 
tures, the cloacal aperture and two abdominal pores beside 
It. Pectoral and pelvic girdles support the fore- and hind- 
fins In the male the hind-fins are in part modified into 
complex copulatory ‘‘ claspers.” 

The skin. — On the dorsal pigmented surface, embedded 
in the dermis, there aie many “skin-teeth,” or “dermal 
denticles,” or “placoid scales.” Each is based in bone, 
cored with dentine or ivory, tipped with enamel. The 
enamel is mainly, if not wholly, due to the ectoderm 
(epidermis), the rest to the mesoderm (dermis) , the whole 
arises as a skin papilla. The enamel is practically in- 
organic, the cells having been replaced by lime-salts , 
dentine has 34 per cent of organic matter (apart from 
water) , the bone is more obvious cellular tissue. On the 
ventral unpigmented or less pigmented surface there are 
numerous mucus canals or jelly tubes, sensory in function 
Some are also present on the dorsal aspect, especially 
about the head. Most of the slime exudes from glandular 
goblet cells in the epidermis. 

Muscular system. — In the posterior part of the body 
and in the tail, the segmental arrangement of the muscles 
may be recognised. The large muscles which work the 
jaws are noteworthy. Professor Cossar Ewart has described 
a small electric organ in the tail region of Raja baits and 
R, clavata^ apparently too small to be of any use, probably 
incipient rather than vestigial. 

Electric organs are best developed in two Teleostean fishes— a S. 
American eel ( Gymnotus) and an African Siluroid (Ma/apterw'tts), and 
m the Elasmobranch Torpedo, In Gymnotus they he ventrally along 
the tail, in Malapterurus they extend as a sheath around the body, 
and m Torpedo they lie on each side of the head, between the gills and 
the anterior part of the pectoral fin. In other cases where they are 
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slightly developed (ceitain Elasmobranchs and Teleosteans), they he 
in the tail. Separated from one anothei by connects e tissue partitions 
are nmneious ‘‘elcctiic plates,” which consist of strangely modified 
muscle substance and numerous neive-endmgs. The electric discharge 
IS very distinct in the three forms noted above, and is controlled in 
some measure at least by the animal. 

The skeleton. — The skeleton is for the most part cartil- 
aginous, but here and there ossification has begun, as a 
crust over many parts, more deeply m the vertebras, teeth, 
and scales. 

The vertebral column consists of an anterior plate not 
divided into vertebras, and of a posterior senes of distinct 
vertebrae. Each of these has a biconcave or amphiccelous 
centrum. From each side of the centrum a transverse 
process projects outwards, and bears a minute hint of a 
rib From the dorsal surface of each centrum two neural 
piocesses arise, and arch upwards for a short distance on 
each side of the spinal cord. Between each two vertebrae 
there is at each side a broad mterneural plate, which not 
only fills what would be a gap between the neural processes 
and the slightly developed neural spine, but also links the 
vertebrae together, so that on surface view the segmentation 
of the vertebral column is far from obvious. In the caudal 
vertebrae, what seem to be the transverse processes are 
directed downwards, to form a haemal arch enclosing the 
caudal artery and vein. In the lozenge- shaped spaces 
between the vertebrae lie gelatinous remains of the noto- 
chord. 

The skull is a cartilaginous case, with a spacious cavity 
for the brain, a large posterior aperture or foramen magnum 
through which the spinal cord passes, two condyles working 
on the end of the vertebral plate, a large ear capsule on 
each side posteriorly, a similar nasal capsule on each side 
anteriorly, a long rostrum in front, two fontanelles on the 
roof Compared with the skull of a cod or of a higher 
Vertebrate, that of a skate is simple; it is not ossified, nor 
divided into distinct regions, nor has it anything corre- 
sponding to the investing membrane bones, which in higher 
animals are added to the original foundations of the skull, 
nor do the visceral arches in the skate take part in forming 
the skull, which arises, as usual, from parachordals, trab- 
eculae, sense capsules, etc. 
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The visceral arches are primitively supports for the 



Fig. 280. — Under surface of skull and arches of 
skate — After \V K. Parker. 

1 1, First labial cartilage, R , rostrum, tr ^ trabecular 
region , n c , nasal capsule , a <?., antorbital caitilage , 
fj)tq , palato-pterj^go-quadrate , Me , Meckel’s car- 
tilage , h 711 , hyo-mandibular , h br 1-5, hypobran- 
chials , c h % fifth ceratobranchial , c A., cerato-hyal ; 

I 2-4, labial cartilages ] 

wall of the anterior part of the food canal, but the first two 
of them are much modified in connection with the jaws. 



THE SKELETON. 


535 


The upper jaw of the skate is a strong transverse bar, 
foimed from the union of two palato-pterygo-quadrate 
cartilages The lower jaw is a similar bar formed from the 
union of tw^o Meckel’s cartilages. 

From the ear capsule to the articulation of upper and 
lower jaw there extends on each side a club-shaped cartilage, 
which connects the jaws with the skull, known as the hyo- 
mandibular or suspensorium. It is the upper half of the 
second arch. Attached to it is a slender four-jointed rod — 
the lower half of the hyoid arch. 



Fig. 281 —Side view of skate’s skull. 

— After W. K. Parker. 

h , Firit labial cartilage \ nc , nasal capsule , a 0 , antorbital ; 
p pt q palato-pterygo-quadiate , c , Meckel’s cartilage ; 
h m , hyo-mandibular, eh , epi-hyal, c A, cerato-hyal; h h , 
hypo-hyal , h hr 1-5, hypobrancbials , c hr ^ ceratobranchial , 
e hr , epibranchial ,p hr i ^ first prebranchial ; z A , inter-hyal ; 
jn pi , meta-pterygoid , 2, Sj 7> foramina of exit of the corre- 
sponding nerves 


Then follow five branchial arches, each primarily four- 
jointed, forming the framework of the gill-bearing region. 

Of less importance are the labial cartilages about each 
nasal capsule, an antorbital cartilage uniting the nasal 
capsule with the end of the pectoral fin, and a spiracular 
or meta-pterygoid cartilage supporting the rudimentary gill 
in the spiracle. 

The pectoral girdle forms an almost complete hoop of 
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cartilage attached dorsally to the crest of the vertebral plate. 
The ventral region is distinguished as the coracoid, and is 
separated from the dorsal or scapular region by three facets, 
to which the three basal pieces of the pectoral fin are fixed. 
A separated portion of the girdle forms the supra-scapula, 
which connects the scapula with the crest of the vertebral 
plate. 

Of the three basal pieces of the fin, the anterior or 
propterygium and the posterior or metapterygium are 
large, the median or mesopterygium is small. All bear 
jointed radials, which are parts of the endoskeleton ; a 
few radials articulate directly with the shoulder-girdle (see 
Fig 282). The true fin-rays, comparable to the dermal 
rays in the fins of Bony Fishes, are represented by ‘‘horny” 
(or, more strictly, elastoidin) fibres These are intercellular 
products of mesoderm (mesenchyme) cells. 

The pelvic girdle is simpler than the pectoral, and is not 
fixed to the vertebral column. Its dorsal region is pro- 
longed into an iliac process, -while anteriorly a prepubic 
process projects from the ventral (pubic) bar. The girdle 
bears two articulating facets, to the posterior of which the 
strong basal piece or metapterygium of the hind-limb is 
attached From this, and from the anterior facet of the 
girdle, the jointed radials proceed. The claspers of the 
males are closely connected with the posterior part of the 
hind-limb, and have a complex cartilaginous skeleton and 
an associated gland. 

The brain. — The brain (see p. 483) has the following 
parts . — 

I. The fused ceiebial hemispheres or prosencephalon, with a 
neivous loof, and without ventricles 


cartilage {M ) forming the lower jaw; and the hyo-mandibular 
ill m ) which suspends the jaw'S to the skull A little farther 
back are seen the five branchial arches and the antenor hyoid 
arch , h hr , the fifth hj, pobranchial , %* pi ^ the vertebral plate 
At the right is seen the skeleton of the paired fins, at the left 
the surface of the skin with the sensory tubes is sc.^ the 
scapular region of the shoulder-girdle, wnth the scapular 
fontanelle ; c, the coracoid region, p pi,^ the antenor basal 
cartilage or pro-pterygium , m pt , the meso-pterygium , mt pt , 
the meta-pterygium — all three bear jomted radials, while a few, 
as shown here, articulate directly with the shoulder-girdle ; 
pu,, pubic bar of pelvic girdle , si , stomach , sv ^ spiral valve 
of intestine. 
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2. The thalamencephalon oi legion of the optic thalami, \Mth a 
thiead-like pineal bod> abo\e, infundibulum and pituitary 
body below, thinl} loofed thud ventricle within 

3 The mesencephalon or mid-biam, with the optic lobes above, 

the cruia ceiebri below, the iter passing between 

4 The cerebellum, with an anterioi and a posterior lobe, both 

maiked by iidges and grooves. 

5 The medulla oblongata, wuth thin vascular loof, wnth dorso- 

lateial extensions called ‘‘ lestifoim bodies ” 

The region beneath the thalamencephalon bears — {a) tw o ovoid inferior 
lobes , {b) the infundibulum, which cairies the pituitary body ; and (i:) a 
thm-walled three-lobed saccus vasculosus, situated between the pituitar}^ 
body and the infeiior lobes 

Cranial nerves.^ — Owing to the flat form of the skate 
and Its frequently large size, the dissection of the cranial 
nerves is perhaps easier than m any other Vertebrate. 
Expecting practical verification, we shall describe their 
distribution in some detail, following in regard to certain 
points the investigations of Piofessor Cossar Ewart. 

I. The olfactory^ rising from the olfactory lobes of the 
cerebral hemispheres, extend to the nostrils, and 
there expand in olfactory bulbs, which give off 
small nerves to the nostrils. 

II The optic, leaving the region of the optic thalami, 
cross in an optic chiasma, and extend to the 
retina of the eye. 

III. The octilomotor or ciliary, arising from the crura 
cerebri, near the mid-ventral line, supply four of 
the six muscles of the eye. There is a ciliary 
ganglion m connection with III., and also with 
the ganglion of the ophthalmicus profundus. 


^ I have to acknowledge indebtedness to Dr. Beard for his kindness 
in helping me to state the distribution of these nerves 


fourth ventricle , OB , olfactory bulb ; OC , olfactory capsule , 
SO superior oblique muscle , E., eye , SR , superior rectus , 
ER , external rectus , SO VII , superficial ophthalmic branch 
of VII ; SO V , superficial ophthalmic branch of V , OP , oph- 
thalmicus profundus , A C , auditory capsule , B.Pl , brachial 
plexus , R F., recurrent facial ; C T., chorda timpani , F P , 
facial proper , Hy , hyoidean , Hyomn , hyomandibular , E M , 
external mandibular ; M M , mandibular muscle , Sp , spiracle , 
P sp , prespiracular ; PI , palatine , O.B , outer buccal , Mn , 
mandibular , Mv., maxillary ; I B , inner buccal ; L , lateral 
branch of X , Py , pyloric branch , C , cardiac branch- 
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IV. ThQ fat he ftc or trochlear are small nerves emerging 
dorsally from between the mid- and hind- brain, 
and supplying the superior oblique muscles of 
the eye. 

V, The tnge7ninal^ or nerve of the ‘‘mouth-cleft,’’ 
arising from the medulla oblongata (as do all 
that follow), has a (Gasserian) ganglion on its 
root, and three mam branches — the sensory 
7naxtllary\ which unites with the inner buccal 
of VIL , the motor 77iandibular^ which inner- 
vates the muscles of the jaws \ and the sensory 
superficial ophthalftiic (or orbitonasal), which 
runs over the eye to the snout, closely united 
(inside the same sheath) with a similar branch 
of VIL 

Parallel to these superficial ophthalmias, internal 
to and above the inner buccal of VIL, there is 
a ganglionated ophthalmicus profuTiduSy which 
sends branches to the eyeball, snout, etc. 

VL The ahducens^ a slender nerve, arising near the 
mid-ventral line, adjacent to V. and VI IL, and 
hidden beneath the former, supplies the external 
rectus muscle of the eye. 

VIL The facial^ the nerve of the spiracular cleft, 
supplies all the five groups of ampullae on the 
head, and has numerous branches. 

1. The ophthalmicus superhcialis runs over and past 

the eye, in intimate association with the similar 
branch of V., and supphes ampullse on the 
snout 

2. The inner buccal runs under the eye, through the 

nasal capsule, to inner buccal ampullse. The 
outer buccal runs undei the eye, external to the 
olfactory capsule, to outer buccal ampullse 

3. The large hyomandibular runs directly outwards 

behind the spiracle to hyoid ampullje. It gives 
off minor hyoidean nerves 

4 The external mandibular runs behind and outside 
of the mandibular muscle to mandibular ainpullee, 
and IS a branch of the hyo -mandibular. 

5. The palatine descends in front of the spiracle to the 
roof of the mouth. Close beside it there is a 
prespiracular 
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6 The ‘^facial pioper ’’ appaiently aiismg from 3, 

supplies the muscles of the hyoid arch 

7 The “ choida tympani,'" appaiently arising from 3, 

iiins undei the spiiacle to the inner side of the 
jaw. 

With the loss of the sensory arapullce, the seventh 
nerve of highei Veitebiates becomes restricted to 
the last thiee branches (5, 6, and 7) 

A recurrent bianch of the facial also runs external 
to the auditoiy capsule to IX., and is equivalent 
to Jacobson’s anastomosis in higher forms 

VIII. The auditory^ arising just behind VI L, is the nerve 
of the ear. 

IX. The glossopharyngeal, the most typical of all, is the 
nerve of the first functional gill-cleft. Its root 
passes through the floor of the auditory capsule, 
and bears a ganglion above the cleft. Its 
branches, as named by Beard, are * — 

I. Post-bianchial, to the muscles of the first branchial 
arch , 

2 Pi3e-branchial, arches ovei the cleft and runs along 

Its front wall ; 

3 Intestinal 01 visceral, to the pharjmx ; 

4 Supra-branchial or dorsal, to a few sense organs on 

the mid-dorsal line of the head. 

X. The vagus, apparently made up of several cranial 
nerves, has numerous roots, and divides into six 
mam ganglionated portions, which supply the 
four posterior clefts and arches, the posterior 
jelly-tubes, and the heart and stomach. It thus 
consists of : — 

I. Ganglionated roots with nerves to the clefts and 
arches (2 to 5 inclusive), with post-branchial, 
prse-branchial, and pharyngeal branches as in IX. 

2 A ganglionated root, arising in front of all the 

others, from which arises the lateral branch 
innervating all the posterior sensory tubes. 

3 From the fourth branchial branch arises the gang- 

lionated intestinal which innervates the heart and 
the stomach. 

The spinal cord lies m the cartilaginous neural archway 
above the vertebral column, is divided by deep dorsal and 
ventral fissures, and gives off numerous spinal nerves, 
formed as usual from the union of dorsal (sensory) and 
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ventral (motor) roots. The first sixteen or eighteen nerves 
form the brachial plexus, which supplies the pectoral fin. 

The sympathetic system consists of a longitudinal gang- 
lionated cord along each side of the vertebral column. 



Fig 284. — Side view of chief cranial nerves of Elasmobianchs. 
— Slightly modified from Cossai Ewart 

ol/ ^ 0^er olfactory nerve , ch , o\er cerebral hemispheres , ch , over 
cerebellum , vi 0 o\er medulla oblongata , m , mouth , mx , 
ma\illar> branch of 3 , mfi 5, mandibular branch of 5 , mn 7, 
mandibular branch of seventh nerve , a 1-5, groups of ampullae , 

0 s s, superficial ophthalmic of 5 , 7) , ophthalmicus profundus , 
d? j 7, superficial ophthalmic of 7 , F , nostril ; 3, oculomotor , 

££■ , ciliary ganglion , 5, trigeminal, 2 ^ , inner buccal , /? , 

outei buccal , jb , buccal of 7 , / , palatal of 7 , ^ , spiracle , 
ch , chorda tynipani , 7 hvi , hyomandibular ot 7 , S, auditory , 

E , ear , g, glossopharyngeal , 10, roots of vagus , 1 10, lateral 
nerv e of vagus ; z 10, intestinal nerve of vagus , I'-s', gill-clefts 


Sense organs.— 

[a] The eyes (see p. 49S). The ms has a fringed uppei margin. 

(/ 5 ) The ears (see p 493) The vestibule is connected with the sur- 
face by a delicate canal — the aqueductus vestibuli — a remnant 
of the original invagination. A small part of the wall of the 
auditoiy capsule is covered only by the skin, foiming a kind of 
tympanum Within the vestibule are calcareous otolithic par- 
ticles suriounded by a jelly 

(i) The nasal sacs are cup-like cavnties with plaited walls 

{d) The sensory tubes are best seen on the ventral surface, where 
they lie just under the skin At their internal ends lie ampullcs, 
containing sensory cells At their outer ends there aie pores 
It IS probable that they are organs paitly of touch, and partly 
of “ chemical sense.’’ 

Alimentary system. — The mouth is a transverse aperture , 
the teeth borne by the jaws are numerous, and those worn 
away in front are replaced by fresh ones from behind ; naso- 
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buccal grooves connect the nostrils with the corners of the 
mouth ; the spiracles, which open dorsally behind the eyes, 
communicate with the buccal cavity , from the gullet five 
gill-clefts open ventrally on each side. The stomach, lying 
to the left, IS bent upon itself, the large brownish liver is 
trilobed, and has an associated gall-bladder, from which the 
bile-duct extends to the duodenum — the part of the gut 
immediately succeeding the stomach , the whitish pancreas 
lies at the end of the duodenal loop, and its duct opens 
opposite the bile-duct. The intestine is exceedingly short, 
but it contains an internal spiral fold — which greatly 
increases the absorptive surface. 

The development of this spiral intestine is of 
general interest. The well-nounshed gut grows 
quickly, but its inciease m calibre is hindered by 
the peiitoneal mesodermic sheath, and the growth 
is expressed in an internal in\ agination or fold 
But as the growth continues in length as well as 
in calibre, and as the gut is fixed at both ends, 
twisting or coiling or both must result In 
Mammals, foi instance, the result is a coiled in- 
testine But in Elasmobranch fishes the coiling 
or twisting lakes place within the peritoneal sheath, 
not along with it. In the case of the skate and 
some other Elasmobranchs, close twisting occurs, 
and the so called spiral valve is mainly due to the 
fusion of the walls of adjacent twists, 

A small “rectal gland’' of unknown ^^valve^of 
significance arises as a vascular diverti- —After T. J. 
culum from the end of the gut. The end Parker, 
of the gullet and the anterior portion of the 
stomach and the rectum are supported by folds of peri- 
toneum, — the membrane which lines the body cavity ; the 
rest of the gut lies freely. Rectum, ureters, and genital ducts 
all communicate with the exterior through the common 
terminal chamber or cloaca. An abdominal pore opens on 
each side of the cloacal aperture, and puts the body cavity 
in direct communication with the exterior. Excepting 
mouth cavity and cloaca, the gut is lined by endoderm. 

Respiratory system. — The first apparent gill-clefts — the 
spiracles — open dorsally behind the eyes. Each contains 
a rudimentary gill on the anterior wall, supported by a 
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spiracular cartilage Through the spiracles water may enter 
or leave the mouth. 

There are other five pairs of gill-clefts, separated by com- 
plete partitions (Elasmobranch), and with ventral apertures. 
The first is bounded anteriorly by the hyoid arch, posteriorly 
by the first branchial arch. The hyoid bears branchial 
filaments on its posterior surface , the first four branchials 
bear gill filaments on both surfaces, the fifth branchial 
bears none Each set of branchial filaments is called a half- 
giil ; and as the first four branchial arches bear a half-gill on 



Fig. 286. — Upper part of the dorsal aorta m the skate 
— After Monro. 

d a , Dorsal aorta ; c , cceliac artery , m , superior mesenteric , 
j cl , subclavian , e If , eflerent branchial vessels, three formed 
from the union of nine , v , vertebral , c , carotid 


each side, and the hyoid arch a half on its posterior surface, 
there are four and a half gills in all. There is no operculum 
or gill cover 

Circulatory system. — The impure blood from the body 
enters the heart by a bow-shaped sinus venosus, opening 
into a large thin-walled auricle. Thence through a bivalved 
aperture the blood passes into the smaller muscular ventricle, 
and from this it is driven through a contractile conus 
arteriosus, with three longitudinal rows of five valves, into 
the ventral aorta 
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The ventral aorta gives off a pair of posterior innominate arteries, 
which take blood to the three postenor gills, and a pair of anterior 
innominate arteries, which supply the anterior gill and the hyoid half- 
gill on each side. 

The purified blood passes from each half-gill by an effeient branchial 
artery. To begin with, there are nine of these on each side, but by 
union they are reduced fiist to four and then to three efferent trunks, 
which combine to form the dorsal aorta 

Fiom the efferent branchial of the hyoid aich a carotid arises, which 
divides into internal and external branches supphmg the brain and 
head The two internal carotids unite, and pass through a small hole 





Fig. 2S7. — Heart and adjacent vessels of skate. — In part 
after Monro 

z > , Ventricle , c a., conus arteriosus , / ? , posterior innominate , 

V a , ventral aorta ^ a i , anterior innominate , 7’A,, thyroid , 
nr , mouth ; a , auricle , j sinus venosus , j.c., precaval 
sinus or sinus of Cuvier ; ^ j , hepatic sinus J , jugular ; bv , 
brachials , cd , cardinal , ef>g , epigastnc 

on the ventral surface of the skull. Just after the first and second main 
efferent branches have united, a vertebral is given off, which passes 
through a hole in the vertebral plate to the spinal cord and brain. 

The dorsal aorta gives off— (i) a subclavian to each pectoral fin ; (2) a 
coeliac to the stomach, duodenum, and liver; (3) a superior mesen- 
teric to the intestine, pancreas, and spleen ; (4) spermatic arteries to 
the reproductive organs ; (5) an inferior mesentenc to the rectum ; 
(6) renal artenes to the kidneys; (7) arteries to the pelvic fins. It 
ends in the caudal artery 

At each end of the bow-shaped sinus venosus there is a precaval 
sinus. This receives venous blood as follows . — {a) from the head by 
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a jugular \em . {b) from the liver by a hepatic sinus, which iiins fiom 
one preca\al sinus to the other like the stung of the bow , (c) from a 
large posterior caidmal sinus (between the lepioductive oigans) by 
a caidmal vein on each side , {(i) fiom the hmd-fin by an epigastric, 
With which biachials from the-fore-limb unite anteriorly The gi eat 
cardinal sinus leceives blood fiom the hmd-hmbs, the kidneys, and 
other posterior paits 

Blood passes into the liver {a) from the coeliac artery, and ((^) by 
portal veins from the intestine (the hepatic portal system) ; hloodi iea'ves 

the li\er by hepatic veins which enter 



Fig, 288, — Urogenital organs 
of male skate 

T., Testis, Ep., epidid>mis, v , 
vas deferens ; K , kidney , » j , 
seminal \ esicle ; s s ^ sperm sac , 
tig s ^ urogenital sinus , C/ , cloaca 


the hepatic sinus 

Blood passes into the kidneys {a) 
fiom the renal aiteries, and (3) by 
lenal poital veins from the caudal, 
pelvic, and lumbar regions (the renal 
portal system) , blood leaves the 
kidneys by posterior cardinal veins, 
which enter the cardinal sinus 

Into the precaval sinus there also 
opens the lymphatic trunk. 

The heait lies in a pencardial 
cavity, which is connected with the 
abdominal cavity by two fine canals, 
and IS an anteiioi part of the coelom 
The blood contains, as usual, red 
blood corpuscles and leucocytes. 

The dark red spleen lies in 
the curve of the stomach. 
The red thyroid gland lies 
just in front of the anterior 
end of the ventral aorta. The 
whitish thymus gland is a 
paired structure lying dorsally 
above the gills. 

Excretory and reproductive 
systems. — The dark red kid- 
neys lie far back on each 
side of the vertebral column 


They are developed from the hind part of the mesonephros. 
Several tubes from each kidney combine to form a ureter. 
The two ureters of the male open into the urogenital 
sinus, whence the waste products pass out by the cloaca j 
in the female they open into little bladders, — the dilated 
ends of the Wolffian ducts, — and thence by a common 
aperture into the cloaca. 
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The segmental duct of each side divides into Wolffian 
and Mullerian ducts. The Wolffian duct becomes in the 
male the vas defeiens, in the female it is an unimportant 
Wolffian duct, the Mullerian duct becomes in the female 
the oviduct, in the male it is a mere rudiment. 

The muscles and other organs of Elasmobianchs retain 
considerable quantities of nitrogenous waste products. 


There can be no doubt 
that the body cavity helps 
in excietion, and gets iid 
of waste through the two 
abdominal poies. In some 
Elasmobranchs these are 
replaced by openings (neph- 
rostomes) into the kidney. 
Occasionally there are both 
nephrostomes and abdomi- 
nal pores. 

The male organs or 
testes he on each side 
of the cardinal sinus, 
moored by a fold of 
peritoneum. Sperma- 
tozoa pass from the 
testis by vasa effer- 
entia mto a tube sur- 
rounded anteriorly by 
epididymis The tube 
of the epididymis is 
continued into the 
vas deferens, which 
is dilated posteriorly 
mto a seminal ves- 
icle and an adjacent 
sperm -sac Finally, 



Fig. 289. — Urogenital organs of female 
skate. — In part after Monro. 

aj > , Aperture of united oviducts ; W D ^ Wolffian 
duct , ov , ovary , O D G ^ o\ iducal gland ; 
£ , egg m mermaid’s purse , £l , bladder at 
base of Wolffian ducts (arrow into cloaca) , W , 
kidnej (arrow from base of oviduct into cloaca) 


the two vasa deferentia open into the urogenital sinus, 
whence the spermatozoa pass into the cloaca. Thence, m 
copulation, they pass into the complex claspers ” of the 
male, which are said to be inserted into the cloaca of the 


female. 


The female organs or ovaries he on each side of the car- 
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dinal sinuSj moored by a fold of peritoneum In young 
skates they are like the young testes, but in the adults they 
are covered with large Graafian follicles, each containing an 
ovum. The ripe ova burst into the body cavity, and enter 
the single aperture of the oviducts, which are united an- 
teriorly just behind the heart. About the middle of each 
oviduct there is a large oviducal gland, which secretes the 


horny purse ” ,* the elastic 
cloaca. 



Fig 290 — Elasmobranch develop- 
ment — After Balfour 


Uppermost figure shows blastoderm at 
an early stage , Epiblast ^ sg c ^ 
segmentation cavity ; n , yolk-nuclei. 
Middle figure shows the invagination 
which forms the gut. x , Blastopore , 
archenteron Mesoderm dark 
Lowest figure, a longitudinal section at 
a later stage Ef , epiblast , n c ^ 
neural canal , ne c., neurenteric canal , 
g i gut , n , notochord. Mesoderm 
dark 


lower portions open into the 

Development. — The ripe 
ovum which bursts from the 
ovary is a large sphere, 
mostly of yolk, with the for- 
mative protoplasm concen- 
trated at one pole 

The formation of polar 
bodies (maturation) takes 
place at an early stage. 
Fertilisation occurs in the 
upper part of the oviduct. 
Some observers have de- 
scribed the occurrence of 
polyspermy. 

As the ovum descends farther, it 
IS surrounded first by albuminous 
material, and then by the four- 
cornered “mermaid’s purse” se- 
creted by the walls of the oviducal 
gland. This purse is composed of 
keratin — a common skeletal sub- 
stance which occurs for instance 
in hair and nails. Its corners 


are produced into long elastic tendrils, w'hich may twine round 
seaweed, and thus moor the egg Rocked by the waves, the 
embryo develops, and the young skate leaves the purse at one end. 
Development is very slow, and takes perhaps the greater part of a year. 
The egg-case of some sharks, e the Port Jackson shark {Cestracton 
pkthppt)^ has elastic spiral fringes, and is found securely wedged among 
the rocks ; that of a neighbour species {C, galeatus) has reduced spiials 
ending in a couple of tendrils, which may be 90 in. m length, and 
serve very effectively to entangle the egg among seaweed. 


The segmentation is meroblastic, being confined to the 
disc of formative protoplasm. From the edge of the 
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blastoderm, or segmented area, some nuclei (so-called 
merocytes ”) are formed in the outer part of the subjacent 
yolk (Fig 290, pl). It seems most probable that these 
are hypoblast elements which assist in the preparation of 
the yolk for absorption, and eventually degenerate in the 
empty external yolk-sac. 

At the close of segmen- 
tation the blastoderm is a 
lens-shaped disc with twm 
strata of cells. It is thicker 
at one end — where the em- 
bryo begins to be formed. 

Towards the other end, be- 
tween the blastoderm and 
the yolk, lies a segmentation 
cavity (Fig. 290, 

At the embryonic end 
the outer layer or epiblast 
undergoes a slight invagina- 
tion (Fig. 29O3 X.), beginning 
to form the roof of the 
future gut (^.)j in other 
words, establishing the hypo- 
blast. This inflected arc of 
the blastoderm corresponds 
to the blastopore or mouth 
of the gastrula, which is 
much disguised by the pres- 
ence of a large quantity of 
yolk. As the invagination 
proceeds, the segmentation 
cavity is obliterated. The 
floor of the gut is formed by 
infolding of the lateral walls. 

Along the mid-dorsal line 

groove appears — the beginning of the central nervous 
system. Its sides afterwards arch towards one another, and 
meet to form a medullary canal (Fig. 290, fi.c,). A posterior 
communication between this dorsal nervous tube above and 
the ventral alimentary tube persists for some time as the 
neurenteric canal (Fig. 290, 



Fig. 291. — Embryo dogfish in egg- 
case mermaid’s purse”) which 
has been cut open to show con- 
tents. 


fold 


External ” gills ; d f, dorsal fin 
y s , yolk-sac , st , stalk of jolk- 
sac ^ T , tendrils, prolongations of egg- 
case bj means of which it is moored to 
seaweed, an “adaptation" in a dead 
substance 


of the epiblast a medullary 
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The mesoblast arises as two lateral plates, one on each 
side of the medullary groove. The plates seem to arise as 
a pair of solid outgrowths from the wall of the gut They 
are afterwards divided into segments. Between the meso- 
blast plates, along the mid-dorsal line of the gut, the 
notochord is established (Fig 290, n.). 

Besides the internal establishment and differentiation of 
layers, there are two important processes, — {a) the growth 
of the blastoderm around the yolk, {b) the folding off of 
the embryo from the yolk. The result of the two processes 
is that the yolk is enclosed m a yolk-sac, with which the 
embryo is finally connected only by a thin stalk — the 
umbilical cord. 

The history of the yolk is briefly as follows — It is accumulated 
by the ovum from neighbouring cells, and fiom the vasculai fluid ; it 
IS partly prepared for absorption by the merocytes or yolk-nuclei ; it is 
at first absorbed by the blood vessels of the yolk-sac ; at a latei stage, 
absorption by blood vessels becomes less and less important, and the 
yolk passes inside the embiyo and into the gut, wheie it is digested. 
Then the yolk-sac, empty of all but merocytes, degeneiates, shrivels, 
and disappeais. 


Second type of Fishes. The Haddock {Gains ceglefi?ius) 
— A type of Teleosteans with closed swim-bladder 
(Physoclysti). 

Form and external features. — The elongated wedge-like 
form is well adapted for rapid swimming. The terminal 
mouth bears a short barbule; this is long in the cod 
{G. fiiorrhua)^ and absent in the whiting {G. inerlafigus'). 
The nostrils, situated near the end of the snout, have 
double apertures. The eyes are lidless, but covered with 
transparent skin. Over the gill-chamber and the four gills 
lies the operculum, supported by several bones. Distinct 
from one another, but closely adjacent, are the anal, genital, 
and urinary apertures, — named in order from before back- 
wards. Along the sides of the body runs the dark lateral 
line containing sensory cells. There are three dorsal and 
two anal fins, and an apparently symmetrical tail fin. 

Skin. — The small scales are developed m the dermis, 
and consist of flexible structureless bone (vitrodentin). 
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Their free margin is even, a characteristic to which 
the term cycloid is applied, in contrast to ctenoid, which 



n a , Nasal apertures (double on each side) yd f ^,df dj" \ dorsal 
unpaired fins y c/ y the caudal fin of the homocercal tail 
d , Barbule , oJ!> , operculum covering the four gills , i>?' m , con- 
tinuation of the gill-cover forming the branchiostegal mem- 
brane , i>v f y pelvicfin(=hind-hmb)— note its jugular position 
in front oip/y the pectoial fin (=fore-hinb) 
a y Anus; genital aperture, u , urinary aperture , a/ 1, af % 
unpaired anal fins 


describes those scales which have a notched or combdike 



Fig. 293 — External characters of a Teleostean — 
a carp ( Cypnmis carpio) — After Leunis. 

R y Dorsal unpaired fin , N , homocercal caudal fin ; , anal fin , 

B y B , pectoral and pelvic paired fins N ote aKo the lateral 
line and barbule. 


free margin. Over the scales extends a delicate partially 
pigmented epidermis. 

Appendages. — The pectoral fins are attached to the 
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shoulder-girdle just behind the branchial aperture. The 
pelvic or ventral fins, attached to what is at most a rudiment 
of the pelvic girdle, he below and slightly m front of the 
pectorals — far from the normal position of hmd-limbs. 

Muscular system. — The main muscles of the body are 
disposed in segments, — myotomes or myomeres, separated 
by partitions of connective tissue. The effective swimming 
organ is the posterior body and the tail, as contrasted with 
the pectoral fins in the skate. 

Skeleton. — The vertebral column consists of biconcave 
or amphiccelous bony vertebrae, and is divided into two 
regions only, caudal and pre-caudal. The 
spaces between the vertebrae are filled by 
the remains of the notochord. Each cen- 
trum in the trunk region bears superior 
neural processes, uniting m a neural arch 
crowned by a neural spine, and transverse 
processes projecting from each side. Artic- 
ulated to the distal ends of the transverse 
processes are the downward curving ribs, 
and also more delicate intermuscular bones 
which curve upwards. In the caudal verte- 
brae (Fig. 294), the centra {c.) bear not only 
superior neural processes {n a.\ but also 
inferior haemal processes {h a,) ; they are of 
course without ribs. 

At the end of the vertebral column lies 
a fan-shaped hypural bone which helps to 
support the tail, and is developed from an 
"" ’ ^ceSrTm enlarged haemal arch The fin - rays are 
£ch’ jointed flexible rods, which in the dorsal and 

anal fins are attached to the ends of inter- 
spinous bones alternating with the neural and haemal spines, 
and connected with them by fibrous tissue. 

The skull includes the following bones, which may be 
pouped m the following regions (the membrane bones in 
italics) : — 



Fig 294.— Cau- 
dal vertebra 
of haddock. 


[a] Around the foramen magnum * basi-occipital, two ex-occipitals, 
and a su/ra-ocdpitsLl, 

[d) Along the roof : supra-occipitsd, parietalSj frojttals^ mesethmoid, 
7 iasals Beneath the panetah he the alisphenoids. 
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{c) Along the floor h&si-occv^it&lj pa}'as/)Aenoid, 'V 07 uers 

(d) Around the ear on each side sphenotic, pterotic, and epiotic 

(above), piootic and opisthotic (beneath) 

(e) In fiont of and around the orbit parethmoid, lachrymal^ 

orbitals. 


Thus the haddock’s skull shows in two respects an ad- 



Fig 295. — Disarticulated skull of cod, — From Edinburgh 
Museum of Science and Art. 


6" 0 , Supra-occipital , Fa , parietal, Fr , frontal, M.E., meseth- 
moid , df., nasal , F E., parethmoid , OL, otics , E.O ^ ex-occi- 
pital, B 0., basi-occipital , Fa.S , parasphenoid , F , vomer, 

L lachrymal ; orb , orbitals , H M , hyomandibular , S , 
symplectic ; Q , quadrate ; Ft , pteiy’goid , 7/it pt , metaptery- 
goid ; ms pt , mesopterygoid ; Ft , palatine ; Mjt: , maxilla ; 

Fm^y , premaxilla , Ar., articular , Afr , angular , E., dentary, 
w A , urohyal , A A ^ hypohyal ; c A ^ ceratohyal , ep h , epihyal , 
lA, mterhyal , Op.y opercular, S op.y sub-opercular, 
inter-opercular \ p op y prae-opercular 

vance upon that of the skate . first, m the ossification of the 
prinaitive cartilage ; and second, in the addition of membrane 
bones Of the latter, the panetals and frontals cover over 
the spaces which in the skate form the fontanelles. 
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The first or mandibular arch is believed by many to form Meckel’s 
cartilage beneath, and the palato-pterygo-quadiate caitilage above 
Meckel’s cartilage becomes the foundation of the lower jaw, and bears 
a large tooth-bearing membrane bone — the dentary, a small coiner 
bone — the angular, while the articular element is a cartilage bone. 
Of the bones associated with the upper part, the palatine lies in front, 
the quadrate articulates with the lower jaw , while between palatine 
and quadrate he the pterygoid, the mesopterygoid, and the nieta- 
pteiygoid 

The second or hyoid aich is believed by many to form the hyo- 



Fig 296. — Pectoral girdle and fin of cod. — From Edinburgh 
Museum of Science and Art 

Jr 5 Fin-rays ,60^ brachial ossicles , cor , coracoid , sc , scapula , 
cl , clavicle ; post-clavicle s cl , supra-clavicle , I i , post- 
temporal. 

mandibular and the symplectic above, andtarious hyoid bones beneath. 
The hyomandibular, and its inferior segment the symplectic, connect 
the quadrate with the side of the skull Of the six hyal bones, the 
largest and most important is the ceialohyal, which bears seven long 
branchiostegal rays It is important to note that the bones formed 
m connection with these arches do not yet form an integral part of the 
skulk 

The toothed premaxilla forms the upper part of the gape, while the 
maxilla which articulates dorsally with the vomer, and nearly reaches 
the quadrate posteriorly, does not enter into the gape. Both are mem- 
brane bones. 
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In the opercular fold are four membiane bones 

There are four pans of complete branchial arches, which are divided 
into varioub paits Of these the most mteiesting are the two superior 
pharyngeal bones, which lie in the loof of the pharynx and bear teeth, 
and are formed by the coalescence of the dorsal elements of the arches. 
Then teeth bite against those of the infeuor phar\ ngeal bones, w'hich 
he on the floor of the pharynx, and represent the fifth branchial 
aiches 

The limbs and girdles. — The dermal rays of the pectoral 
fin are attached to four small brachial ossicles , these articu- 
late with a dorsal scapula and a more ventral coracoid , 
both of these are attached to the inner face of a large 
clavicle, which almost meets its fellow of the other side in 
the mid-ventral line of the throat. From the clavicle a 
slender post-clavicle extends backwards and downwards , 
while a stout supra- clavicle extends from the dorsal end of 
the clavicle upwards to articulate with a forked post- 
temporal, which articulates with the back of the skull. 
It must not be assumed that the elements of this girdle 
are directly comparable to those of a higher Vertebrate, 
although the nomenclature is the same. 

The fin-rays of each pelvic fin are attached to a thin 
innominate bone, which may be a basal element of the fin, 
or the rudiment of a pelvic girdle. 

Nervous system. — The relatively undifferentiated fore- 
brain with defective cortical region, the thalamencephalon 
with Its inferior lobes and infundibulum, the large optic 
lobes, the tongue-shaped cerebellum which conceals most 
of the medulla oblongata, have their usual general relations. 
Each of the olfactory nerves is at first double , their bulb- 
like terminations lie far from the brain behind the nasal 
sacs. The large optic nerves cross one another without 
fusion at a slight distance from their origin ; otherwise the 
nerves generally resemble those of the skate. 

The eyes are large but lidless ; the small nasal sacs with 
plaited walls have double anterior apertures ; the vestibule 
of the ear contains a large solid otolith, and another very 
small one in a posterior chamber. The dark lateral line, 
covered over by modified scales, lodges sensory cells, and 
is innervated by a branch of the vagus. 

Alimentary system. — Teeth are borne by the premaxillse, 
the vomer, and the superior pharyngeal bones above, by 
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the dentaries and the inferior pharyngeal bones beneath. 
There are no salivary glands, no spiracles, nor posterior 
nares. A small non-muscular tongue is supported by a 
ventral part of the hyoid arch Five gill-clefts open from 
the pharynx ; their inner margins are fringed by horny gill- 
rakers attached to the branchial arches and serving as 
strainers; they prevent the food from being swept out 
with the respiratory current. The gullet leads into a 
curved stomach , at the junction of 
stomach and duodenum numerous 
tubular pyloric caeca are given off, 
into the duodenum opens the bile- 
duct from the gall-bladder and 
liver, the coiled intestine passes 
gradually into the rectum, which 
has an aperture apart from those 
of the genital and urinary ducts. 
P There is no spiral valve, and there 
are no abdominal pores. A pan- 
creas is absent ; perhaps the pyloric 
c^ca take its place. The peritoneal 
membrane which lines the abdomi- 
nal cavity is darkly pigmented 
Respiratory system. — Water that 
passes in by the mouth may pass 
out by the gill-clefts ; the branchial 
chamber is also washed by water 
which passes both in and out under 
the operculum. The gill-filaments 
borne on the four anterior branchial 
Fig. 297.-Diagram of a a-rches are long triangular pro- 
Teleostean gill m section, cesses, whose free ends form a 
G F., Gill-filament ; A , artery double TOW. As there ate nO 

bToodrS*^-3^^giU-arcif partitions between the five gill- 
clefts, the filaments project freely 
into the cavity covered by the operculum. Along each 
arch and filament there are blood vessels, bringing the 
impure and removing the purified blood. On the internal 
surface of the operculum lies a red patch, the pseudobranch 
or rudimentary hyoidean gill. A large and quaint parasitic 
copepod — Lemma branchialis — is often found with its head 
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deeply buried in the tissues of the gills and head. Many 
related forms are common on fishes. 


The swim-bladder lies along the 
dorsal wall of the abdomen; the 
duct which originally connected it 
with the gut has been closed. The 
dorsal wall of the bladder is so 
thin that the kidneys and vertebrae 
are seen through it^ the ventral 
wall is thick, and bears anteriorly 
a large vascular network or 
rete 7?iirahile,, which receives 
blood from the mesenteric artery 
and returns blood to the portal 
vein. 

Circulatory system. — The heart 
lies within a pericardial chamber, 
separated by a partition from 
the abdominal cavity. The blood 
from the body and liver enters the 
heart by the sinus venosus, passes 
into the thin-walled auricle, and 
thence to the muscular ventricle 
From the ventricle it is driven up 
the ventral aorta, the base of which 
forms a white non - contractile 
bulbus arteriosus. 

The ventral aorta gives off, on 
each side, four afferent branchial 
vessels to the gills. Thence the 
blood is collected by four efferent 
trunks, which unite on each side 
in an epibranchial artery. The 
two epibranchials are united pos- 
teriorly to form the dorsal aorta, 
while anteriorly they give off the 
carotids, which are united by a 
transverse vessel closing the 
“ cephalic circle ” 



Fig. 298. — Diagram of 
Teleostean circulation. — 
After Nuhn. 


A,, auricle , F , ventricle , b a , 
bulbus arteriosus ^ v a ^ ventral 
aorta , a br., afferent branch- 
lals , e hr ^ efferent branchials, 
c c , cephalic circle , e , caro- 
tids , A cv., anterior cardinal 
veins , P C.V , posterior car- 
dinal veins , d c., ductus 
Cuvien , d.a , dorsal aorta ; 
c.z / , caudal vein c a , caudal 
artery , K , kidney 


Blood enters the sinus venosus by two vertical precaval 


veins, and by hepatics from the liver. Each precaval vein is 
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formed from an anterior caidinal from the head and a 
posterior cardinal from the body. The posterior cardinals 
extend along the kidneys, and are continuous with the caudal 
vein, but the middle part of the left cardinal is obliterated. 
The circulation of the blood seems to be helped, in some 
fishes at least, by the respiratory movements and by the 
muscular contractions in swimming. 

Excretory system. — The kidneys are very long bodies, 
extending above the swim- bladder under the vertebral 
column. The largest parts he just in front of and just 
behind the swim-bladder. From the posterior part an 
unpaired ureter extends to the urinary aperture, before 
reaching which it gives off a small bilobed bladder. 
The pronephros degenerates, the functional kidney is a 
mesonephros. 

Reproductive system. — The testes are long lobed organs, 
conspicuous in mature males at the breeding season ; there 
is no epididymis. The ovaries of the female are more 
compact sacs, more posterior in position. 

Two vasa deferentia combine in a single canal. The 
likewise single oviduct is continuous with the cavity of the 
ovaries. The genital aperture in either sex is m front of, 
but very close to, that of the ureter. According to some 
authorities, the genital canals in Teleosteans are secondary 
structures, unconnected with the archinephric or segmental 
ducts, but the researches of Jungersen have made this very 
doubtful. 

Development. — The ova of the haddock, like those of 
other Teleosteans, contain a considerable quantity of yolk, 
are fertilised after they have been laid, and undergo 
meroblastic segmentation The eggs float, t.e. are pelagic, 
while those of the herring sink, i,e. are dimersal 

At one pole of a transparent sphere of yolk lies a disc of formative 
protoplasm of a light terra-cotta colour The ovum is surrounded by a 
firm vitelline membiane After fertilisation the formative disc divides 
first into two, then into foui, then into many cells, which form the 
blastoderm From the edge of the blastodeim certain yolk-nuclei or 
periblast-nuclei aie formed, which afterwards have some impoitance. 
At the end of segmentation the blastoderm lies in the foim of a doubly 
convex lens in a shallow concavity of the yolk 

The blastoderm extends for some distance laterally over the yolk , 
the central part raises itself, and thus forms a closed segmentation 



5 



Fig. 299 —The early development of the salmon. 


’ WK. 5^“® 'SgJ“St before hatching . 3. the newlv 

T°‘i ’ ■* salmon noumhed from yoll^ 

dimimshing while the fish ts mcrea“ng In 
^ze , 6 , the salmon with yolk absorbed (about six weeks old") 
The small figures to the right indicate the actual sLI ^ 
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cavity , one ladius of the blastodeim becomes thickei than the lest, and 
forms the first hint of the embryo ; an inwaid growth from the edge of 
the blastoderm forms an invagmated layei — the dorsal hypoblast 01 roof 
of the gut ; the periblast forms the floor of the gut, and afterwards aids 
the mesoblast, which appears between epiblast and hypoblast , the 
medullary canal is formed as usual in the dorsal epiblast It is likely 
tnat the edge of the blastoderm represents the blastopoie or mouth of 
the gastrula, much disguised by the presence of yolk 

The newly hatched larva is still mouthless, and lives foi awhile on 
the residue of yolk, which, by its buoyancy, causes the young fish to be 
suspended in the water back downwards. 


General Notes on the Functions, Habits, and 
Life Histories of Fishes 

Movement. — A fish may well compare with a bud in its mastery 
of the medium in which it lives Thus a salmon travels at the rate of 
about eight yards in a second, or over sixteen miles an hour The 
motion depends mainly on the powerful muscles which produce the 
lateral strokes of the tail and posterior part of the body It may be 
roughly compared to the motion of a boat propelled by an oar from the 
stern So energetic are the strokes that a fish is often able to leap 
from the water to a considerable height. In some cases undulating 
movements of the unpaired fins, and even the rapid backward outrush 
of water from under the gill-cover, seem to help in movement The 
paired fins are chiefly used in ascending and descending, in steering and 
balancing. The large pectoral fins of the flying-fish [Dactylopterus and 
Exocceitis) are used rather as parachutes than as wings during the long 
skimming leaps. 

Shape in relation to habit. — The characteristic form of the 
body, as seen in herring or trout, is an elongated laterally compressed 
spindle, thinning off behind like a wedge. In most cases the trunk 
passes quite gradually into head and tail. This torpedo-like form is 
well adapted for rapid progression. Flat-fishes, whether flattened 
from above downwards, like the skate, or from side to side like the 
plaice and sole, usually live more or less on the bottom ; eel-hke 
forms often wallow in the mud, or cieep in and out of crevices , 
globe-fishes, like Dtodojt and Tetrodo7i^ often float passively. 

Golour. — The colours of fishes are often very biight. They 
depend partly on the presence of pigment cells in the skin, partly on 
the physical structure of the scales. The common silvery colour is 
due to small crj^stals of guanm in the skin In many cases the colours 
of the male are brighter than those of his mate, as in the gemmeous 
dragonet [Calhony7?ius lyra) and the stickleback {Gasterosteus)^ and 
this is especially true at the breeding season. The colouis of many 
fishes change with their surroundings. In the plaice and some others 
the change is rapid. Surrounding colour affects the eye, the influence 
passes from eye to brain, and from the brain down the sympathetic 
nervous system, thence by peripheral nerves to the skin, where the 
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distribution of the pigment granules in the cells is alteied. In shallow 
and clear water this powei of colour-change may be piotective, but an 
appreciation of the protective value of colouring demands careful 
attention to the habits and habitat of the fishes, to the nature of the 
light m which they live, and to the enemies which are likely to attack 
them. 

Food. — The food of Fishes is very diverse — from Protozoa to 
Cetaceans Shaiks and many others are voraciously carmvoious; 
many engulf worms, ciustaceans, insects, molluscs, or other fishes , 
others biowse on seaweeds, or swallow mud for the sake of the living 
and dead oiganisms which it contains. Their appetite is often 
enormous, and cases are known {e g, CJuasmodon mger) where a fish 
has swallowed another larger than its own normal size ^lany fishes 
follow their food by sight ; many by a diffuse sensitiveness, to which it 
IS difficult to give a name , a few, it would seem, by a localised sense 
of smell It IS important to realise that fishes depend very largely on 
small crustaceans, and these again on unicellular plants and animals. 
Just as we may say that all flesh is grass, so we may say that all fish is 
Diatom 

Senses, etc. — Fishes do not seem to have much sense of taste or of 
smell, but diffuse sensitiveness to touch, chemical stimuli, etc , is well 
developed, especially on the head and along the lateral line Though 
theie IS no drum, and the eai is deeply buried, a few seem to hear 
Some experiments suggest that the semicirculai canals of the fish’s ear 
aie indispensable in the diiection or equilibration of movement The 
sense of sight is, on the whole, well developed, and many have 
“darkness eyes.” As to the intellectual powers of their small brains 
we know little, but many show quickness in perceiving friends or foes, 
a few give evidence of memory, and many of their instincts are complex. 
At the breeding season theie is sometimes an elaborate expiession of 
excitement, well seen in the stickleback 

Reproduction. — Hermaphroditism occurs constantly m Chryso- 
phrys auratus (dichogamous), and m three species of Se?ranus 
(autogamous) ; almost constantly in Pagellus mormyriis ; very fre- 
quently in Box mlpa and Charax pmitazzo ; and exceptionally in over 
a score of fishes, such as sturgeon, cod, herring, pike, and carp The 
simplicity of the genital organs and their ducts may perhaps in part 
explain why casual hermaphroditism is more frequent in Fishes than in 
higher Vertebrates. In many cases the males are smaller, brighter, 
and less numerous than the females. Courtship is illustrated by the 
sticklebacks {Gasterosteiis, etc ), the paradise-fish {Macropodus), and 
others ; while the bent lower jaw of the male salmon reminds us that 
some male fishes fight with then rivals 

Most fishes lay eggs which are feitilised and develop outside of the 
body. They may be extruded on gravelly ground, or sown bioadcast 
m the water. Sturgeon, salmon, and some others ascend rivers for 
spawning purposes, while the eels descend to the sea. In the case of 
trout, Barfurth has observed that the absence of suitable spawning 
ground may cause the fish to retain its ova. This results in ovarian 
disease, and in an mferioi brood next season. Except m Elasmo- 
branchs, the ova are relatively small, and large numbers are usually 

36 
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laid at once In Elasmobianchs the egg is large, and in the ovipaioiis 
geneia it is enclosed in a “mermaid’s purse ” • 

Most sharks and a few Teleosteans aie viviparous, the eggs being 
hatched within the body of the mother, — in the lower pait of the 
oviduct in shaiks, in the ovary m Teleosteans In two of the vivipaious 
sharks {Mustelus Imvis and Cajr/iarias glaitcus) there is an inteiesting 
union between the yolk-sac and the wall of the oviduct, which should 
be compared with a similar occurrence in two lizaids, and with the 
yolk-sac placenta of some Mammals 

As to fertilisation, the usual process is that the male deposits 
spermatozoa or “ milt” upon the laid eggs or “spawn,” but fertilisation 
IS of course mteinal when the eggs are enveloped in a firm sheath, or 
when they are hatched within the mothei. 

Most fishes have a great number of offspung, and parental caie is 
proportionately little. Moreover, the conditions of then life are not 
suited for the development of that virtue. When it is exhibited, it is 
usually by the males , — eg by the sea-horse {Hippocampus) and the 
pipe-fish {Syngnathus)^ which hatch the eggs m external pouches, and 
“the male of some species of Arzus, who canies the ova about with 
him in his capacious pharynx ” The female of Aspredo cairies the eggs 
on the under surface of the body until they are hatched, much m the 
same way as the Surinam toad beais hei progeny on her back ; while 
in Solenostoma a pouch for the eggs is formed by the ventral fins and 
skin At least a dozen kinds of fishes make nests, of which the most 
familial illustration is that of the male stickleback, who twines glass 
stems and water-weeds together, glueing them by mucus threads exuded 
as semi-pathological products from the kidneys, which are compressed 
by the enlarged male organs. 

Fishes have a less definite limit of growth than most othei Vertebiates, 
and it IS raie for a fish to exhibit any of the senile changes associated 
with old age in other Veitebrates. But surroundings and nutrition 
affect their size and colour very markedly. Some, such as the flounder, 
seem almost equally at home in fresh or salt water, but many are 
sensitive to changes of medium. Many can endure prolonged fasting, 
and some may survive being frozen stiff. Lowered temperature may 
induce torpor, as seen in the winter sleep of the pike, while in the dry 
season of hot countries the mud-fishes, the Siluroids, and others, encyst 
themselves in the mud, and remain for a long time in a state of “latent 
life ” 

Life Mstories. — ^The life histones of fishes form the subject of an 
endless chapter, of which we can only give a few illustiations. We 
know how the lusty salmon return fiom the sea to the possibly safer 
rivers, and after a period of fasting deposit their eggs and milt on the 
gravelly bed of the stream A similar migration is true of the 
sturgeon. 

In great contrast to these cases is the life history of the eel, the 
mysteiy of which has been at least partially removed From the 
inland ponds and river-stretches the female eels migiate on autumn 
nights seawards, meet their mates lower down the rivers, and descend 
to very deep water in the sea (250 fathoms or more). There the eggs 
are laid, and there in all probability the patents die. Thence the 
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transpaient laivse [Leptocephcth] rise to the smface and are for a year 
or so pelagic Fiom the open sea the young eels 01 elveis migrate up 
the sti earns m a marvellous piocession 01 eehfaie, the females ap- 
paiently going farthei inland than the males 

Inter-relations. — Commensalism is illustiated by some small 
fishes which shelter inside laige sea-anemones, and by Fierasfer, which 
goes in and out of sea-cucumbeis and medusse On the outside 01 about 
the gills of Fishes, paiasitic Crustaceans (fish-lice) are often found , 
various Flukes are also common external parasites, and many Cestodes 
in bladder -worm or tape-worm stage infest the viscera The immature 
stages of Bofhnocephalm laHts occur in pike and burbot ; a remarkable 









Fig 300 — Development of eel. — After Smit. 

Change from Leptocephalus shape (I ) to “ Elver ’ shape (V ) 

hydroid [Polypodtiun) is parasitic on the eggs of a sturgeon ; the young 
of the fresh-water mussel are temporarily parasitic on the stickleback 5 
and the young of the Bitterling {Ehodetts amarus) live for a time 
within the gills of fresh-water mussels. 

Distribution in space. — There are about 2300 species of fresh- 
water fishes, three or four Dipnoi, about thirty Ganoids,'’ and the rest 
Teleosteans, over a half being included in the two families of carps 
(Cypiinidse) and cat-fishes (Siluridse) 

Among maime fishes, about 3500 species frequent the coasts, rarely 
descending below 300 fathoms. A much smaller number, including 
many sharks, live and usually breed in the open sea. About 100 
genera have been recorded from great depths. 

In regard to the last, Dr. Gunther has shown that in forms living at 
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depths from So to 200 fathoms, the eyes tend to he laiger than usual, 
as if to make the most of the scanty light , beyond the 200-fathom line 
small -eyed forms occur with highly developed organs of touch, and 
large-eyed forms which have no such organs, but peihaps follow the 
gleams of “phosphorescent” oigans ; finally, in the greatest depths 
some forms occur with rudimentaiy'eyes Many of these abyssal fishes 
are phosphorescent ; the colouring is usually simple, mostly blackish 
or silvery ; the skin exudes much mucus , the skeleton tends to be light 
and brittle , the forms are often veiy quaint ; the diet is necessaiily 
carnivorous. 

General Notes on the Structure of Fishes 

Fins, — Along the dorsal and vential median line of some fishes, 
e g, flounder, there is a continuous fin — a fold of skin with dermal 
fin-rays (dermotnchia) and deeper skeletal supports (somactids). 

In the embryos of many fishes the same continuous funge is seen, 
while the adults have only isolated median fins. There is no doubt 
that these isolated median fins — of which there may be two dorsals, 
a caudal, and an anal or ventral — arise, or have arisen, from a modifica- 
tion of a once continuous fin 

Now, the paiied fins, which correspond to limbs, often resemble 
unpaired fins in their geneial structuie, and m their mode of oiigin 
It IS possible that the paired fins may have aiisen by a localisation ol 
two once continuous lateral folds Accoiding to another theory, the 
origin of paired fins is to be found in the visceral arches. 

The paired fins are supported by dermic fin-iays {denmU ithta) 
and by endoskeletal pieces {somachds or radiah)^ some of which aie 
articulated to the girdles and are then called basaha Two mam types 
of fish fin are distinguishable — {a) that best illustrated among living 
fishes by Ceratodus^ in which a median jointed axis bears on each side 
a series of radial rays — a form often called an archipterygium ; and [b) 
the commoner type, in which the radials arise on one side of the basal 
pieces (an ichthyopterygium) In the bony fishes the support of the 
fin beyond the base seems mainly due to dermal rays 

Tail, — In Dipnoi and a few Teleosteans, e g, the eels, the vertebral 
column runs straight to the tip of the tail, dividing it into two equal 
parts. This perfectly symmetrical condition is called diphycercal or 
protocercal. 

In Elasmobranchs, Holocephali, cartilaginous and many extinct 
“ Ganoids,” the vertebral column is bent dorsally at the end of the tail, 
and the ventral part of the caudal fin is smallei than, and at some little 
distance from, the upper part This asjmimetiical condition is called 
hetero cereal 

In most Teleostei, and in extant bony “Ganoids,” the end of the 
vertebral column is also bent upwards, but the apex atrophies, and, by 
the disproportionate development of lays on the ventral side, an 
apparent symmetry is pioduced The vertebral column usually ends 
in a urostyle, — the undivided ossified sheath of the notochord Most 
of the fin really lies to the ventral side of this. The condition is 
termed homocercal 
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The effect of a stroke with the heteroceical tail is to force the anterior 
region downwaids, and thus the heterocercal tail in fish is associated 
with a vential mouth and the habit of giound -feeding The movement 
of the homocercal tail, on the other hand, drives the body straight 
forw^ards, and is associated with a teiminal mouth 

Scales. — (i) In Elasmobianchs the scales (placoid) have the form of 
skin-teeth (dermal denticles), tipped with enamel, cored with dentine, 
and based with bone sunk in the dermis. They arise from skin papillae, 
the (ectodermic) epidermis forming the enamel, the (mesodermic) dermis 
forming the lest. In other fishes the scales are almost wholly dermic, 
in marked contrast to those of Reptiles. 

(2) “Ganoid” scales, as in Lepidosteus^ are plates of bone with an 
enamel -like covering called ganoin 

(3) In most Teleosts the scales are relatively soft dermic plates 
of thin bone In the sturgeon and many Teleosts the scales are 
substantial bony plates. The typical “soft” Teleost scales are called 
cycloid or ctenoid, as their free maigins projecting from sacs in the 
dermis are entire or notched The concentric iings on the scales 
indicate periods of growdh, like the rings on a tiee stem, and it is 
possible in some cases to tell the age of a fish from its scales, as also 
from the otoliths in the ear when these have a layered structure. 

The scales of Elasmobranchs are homologous with teeth, and a 
number may fuse into a plate just as teeth often do. 

Swim-bladder. —The swim-bladder of fishes is one of the 
numerous outgrowths of the gut. It is absent m Elasmobranchs and 
some Teleosteans, such as most flat-fish, and it forms the lung of 
Dipnoi. Unlike a lung, it opens dorsally into the gut, except in 
Dipnoi and the Ganoid Polypterus^ where the aperture is ventral 
The original duct communicating with the gut may remain open, as in 
Physostomatous Teleosteans, or it may be closed, as in Physoclystous 
Teleosteans. The bladder is usually single, but it is double in 
Proiopterus, Lepidosij'en, and Polypterus 

In regal d to the use of the swim bladder, there is still considerable 
uncertainty Wheie it is abundantly supplied wuth impure or partially 
purified blood, as in Dipnoi, Polypterus^ and Afma, and where the gas 
within IS periodically emptied and renewed, it is doubtless respiratory. 
But what of other cases, where its supply of blood is arteiial, and what 
especially where it is entirely closed ^ In such cases it is usual to speak 
of its function as hydrostatic. 

In greater detail the function of the air-bladder is — (i) to render the 
fish, bulk for bulk, of the same weight as the medium in which it lives , 
moreover (2), the volume of the contained gas vanes with increased 
secretion and absorption, and seems to adjust itself to different external 
pressures as the fish descends or ascends. There is sometimes a well- 
developed gas -gland with a iich blood-supply on the inner wall of the 
bladder. (3) In many fishes the bladder may help indirectly in 
respiration by storing the superabundance of oxygen introduced into 
the blood by the gills. (4) There is m several Teleosteans a remarkable 
connection between the swim-bladder and the ear, sometimes by an 
anterior process of the bladder, as in the herring and perch- like fishes, 
sometimes by a chain of bones, as in Silurid^. This has suggested 



566 


PISCES— FISHES 


the view that the connection selves to make the fish awaie of the 
vaiying tensions of gas in the bladder, due to the vaiying hydrostatic 
piessure. 

CLASSIFICATION OF FISHES 

Sub-Class 1 . Elasmobranchii. Cartilaginous Fishes, 
e.g Sharks and Skates 

Voracious carnivorous fishes, with cartilaginous skeleton, 
placoid scales, usually heterocercal tails, “claspers” on 

the pelvic fins of the 
males Except in Holo- 
cephali theie is no cover 
over the (5-7) gill-aper- 
tures ; anterior to these 
there is often a spiracle 
— the first gill-cleft — 
with a rudimentary gill 
The gill - clefts are 
separated by complete 
septa, and the gill - 
filaments are attached 
throughout their length 
to the septa. The mouth 
extends transversely on 
the under side of the 
head. The nostrils are 
also vential There is 
no air-bladder. A spiral 
fold extends along the 
internal wall of the large 
intestine Into the ter- 
minal chamber (or clo- 
aca) of the gut the genital 
and urinary ducts also 
open. The ventricle of 
the heart has a con- 
tractile conus aiteriosus. 
Fig 301.— Young skate.— From Beard Fertilisation IS internal. 

The yolk-sac has been cut off, the yolk-stalk is The OVa are feW and 
left , Mouth ,olo, nostril, eg- “external , 

gills ” , « , cloaca , c , claspers large, ix. With much yolk. 
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Large egg-purses are common, but some Elasmobranchs 
are viviparous The embryos have gill-filaments projecting 
out of the gill-clefts, so-called external gills. They are 
really elongated internal gills. Elasmobranchs retain more 
embryonic features, e,g. the naso-buccal groove and auditory 
opening, than other fishes. 

Order i. Plagiostomi or Selachii 

With transverse ventral mouth, pre-oral rostrum, unisenal paiied 
fins, claspers, heterocercal tail, usually five pairs of open gill-clefts 

Subdivisions. — (i) The older Selachoidei, with approximately 
cylindrical bodies and lateral gill-opemngs, as m shark and dogfish , 
(2) the more modified Batoidei, with flattened bodies, ventral gill- 
openings, and pectoral fins joined to the head, as in skates or rays. 

Musiehis, Carcharias, Sqtiahis, Torpedo^ Acanthias^ and others, are 



Fig 302 — Lateral view of dogfish {Scyllmm catuhis). 

Note ventral mouth with naso-buccal groove, heterocercal tail, and 
unpaired fins gs , Gill-slits , pc , pectoral fins , pv , pelvic 
fins. 


vivipaious ; Raja, Scylhwn, Cestranon, and others, are oviparous In 
most species of Musteius there is a placenta-like connection between 
the yolk-sac of the embryo and the uterus of the mother. In several 
viviparous geneia long filaments are developed from the inner surface 
of the uterus which secrete a nutiitive fluid. In some cases the 
nutriment seems to be affoided by degeneration of the uterine wall. 
In Atanthzas vulgans there is no nutritive mateiial, and the young 
are unattached. This is intermediate between oviparous and specialised 
placental conditions. Zygtzna has a peculiar hammer-like head expan- 
sion ; Selache reaches a length of 40 ft , PnsHs has the snout prolonged 
in a tooth-bearing saw ; Torpedo has a powerful electric organ. The 
Greenland Shark {Lmmargus boreahs) is unique in having small eggs, 
without egg- cases, perhaps fertilised in the water. In the eel-like 
deep-water Japanese Shaik (Chlamydoselackus) the mouth is anterior, 
the nostrils lateral, the vertebral column is imperfectly segmented, 
there is a slight opercular fold, and there are six pairs of gill-openings 
and arches. In the large viviparous Notidanidse, eg Hexanchus (six 
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gills) and Hepianchits (seven gills), the mouth is almost mfeiior, the 
vertebral column is imperfectly segmented with persistent notochord 
History.— The Elasmobranchs appeal in the Uppei Silurian, are 
very abundant from the Carboniferous onwards, but aie now greatly 
outnumbeied by the Bony Fishes. An increasing calcihcation of the 
axial skeleton is traceable thiough the ages, and in some of the 
ancient foims the exoskeleton was greatly developed, often including 
long spines oi ichthyodoruhtes firmly fixed on the dorsal fins oi on 
che neck 


Order 2. FIolocephali 

The Holocephah aie represented by the sea-cat 01 Chimara from 
northern seas, and C all oHiync Jins fiom the south. Theie is a fold or 
operculum coveiing the (4) gill-clefts and leaving only one external 
opening on each side, theie is no spiiacle; the veitebial column is 
unsegmented ; the upper jaw is fused to the cartilaginous skull, and 
thus the hyoid does not help in its suspension [auiostyhc ) ; the skin is 
naked except in the young, which have some dorsal placoid spines. 
Theie is a urogenital apertuie separate from the anus. In general 
the Holocephah most nearly resemble Plagiostomi, but they have many 
affinities with Dipnoi, eg in the autostylic skull 

Teeth (of Ptychodns, Rhyncliodus, etc ), which have been referred to 
Chimseroids, occur in Devonian rocks, and some at least of the 
detached spines of Carboniferous age may have belonged to fishes 
of this oidei. Undoubted Mesozoic Chimmioids are Sqmloraja, 
Myriacanthiis, Chtnwropsis, IschyodtiSf etc., while others, including 
the recent genus Clnmara, are found in strata of Tertiary age The 
other recent genus, CallorhynchtiSy is also lepresented by a Cretaceous 
species, C. hectort. 


Extinct Orders 
O rder 3. Pleuropterygii 

Devonian, Carboniferous, and Permian Forms with unconstricted 
notochord, heterocercal tail, terminal mouth, paired fins with unseg- 
mented parallel radials Cladoselaclie. 

Order 4. Ichthyotomi 

Lower Carboniferous to Permian Foims with unconstricted noto- 
chord, diph> cereal tail, and pectoral fins with a segmented axis of 
basals bearing bisenal radials. Pleti 7 'acanthus. 

Older 5 Acanthodei 

Anothei interesting extinct group, whose position was for long a 
matter of dispute, but which is now usually placed near Elasmobranchii, 
is that of the Acanthodei. These flourished principally in Devonian 
times, but lived on through the Carboniferous to the Lower Permian 
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They are usually lathei small fishes, with minute rhomboidal shagreen- 
hke scales, and a strong spine in front of each fin, except the caudal. 
In some genera {Parexus^ Chmatzus) there aie two rows of small 
intermediate spines between the proper pectorals and the pelvics 



Fig. 303. — Outline of Acmithodes sukatus . — After Tiaquair 
p , Pectoral fins , v , pelvics ; a - , anal , d , dorsal 


Sub-Class II. Teleostomi 

Fishes with more or less ossified skeletons, especially as 
regards skull, jaws, operculum, and pectoral girdle The 
skull is hyostylic, the jaws being supported by the hyoman- 
dibular. The pelvic girdles are usually rudimentary or 
absent. The mouth is usually terminal ; the scales are in 
the majority soft and cycloid. There is always a gill- 
cover, the inter-branchial septa are much reduced; the 
gill-filaments project freely from the gill-arches. There is 
usually a swim-bladder. There are no claspers, no naso- 
buccal grooves; there is no cloaca The fore-brain has 
a non-nervous roof. The ova are small and numerous, 
usually meroblastic, sometimes holoblastic Fertilisation is 
usually external. 


Order i. Crossopterygii 

Ancient forms with pectoral fins obtusely lobate and uniserial or 
acutely lobate and biserial ; with scales and dermal skull bones often 
covered with enamel-hke ganoin ; with a pair of jugular plates between 
the rami of the lower jaw. All are extinct except Polypterus and 
Calamoichthys fiom African rivers. Examples, Osteolepis (Lower 
Devonian), Holoptychius (Devonian), Megalichthys (Carboniferous) 

In Polypterus^ the body is covered with rhombic ganoid scales j 
there are numerous dorsal fins ; the tail is diphycercal ; the pectoral 
fin has three basal pieces as in Elasmobranchs, then two rows of 
radials, and then the dermal fin-rays or dermotrichia ; the air-bladder 
is double and is used in respiiation, its duct opens ventrally into the 
pharynx ; the young form has an external gill on the operculum , the 
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oral part of the hypophysis retains its opening into the mouth The 
genus Calamoichthys has veiy similai characters, but no pelvic fins 
These two forms may almost be called living fossils. 



Fig. 304. — Larva of Folypteius (after Budgett), inch in length. 

e g- , Large external gill of the h^’oid arch , Pc , pectoral fins , Pv , pelvic 
fins The larva is drawn m a very characteristic attitude 


The following three orders are often grouped as Actino- 
pterygii, with the following characters. The paired fins are 
never lobate, they have short basal pieces, and are mainly 
supported by dermal fin-rays. 

Order 2. Chondrostei — with cartilaginous 
internal skeleton 

Living examples . — Sturgeon {Acifenser)^ Polyodon^ Sea- 
phrhynchus. 



Fig. 305 — Sturgeon [Aapenser 

Note the elongated snout, the barbules bounding the vential mouth, 
the operculum covering the gills, the rows of bony scutes, the 
markedly heterocercal tail 


Extinct examples . — Cheirolepis^Palao?iiscus^ Chondrostem. 

In the sturgeon [Aapenser) the skin bears five rows of laige bony 
scutes; the tail is heterocercal; the notochoid is unsegniented. A 
snout, with pendent barbules, extends in fiont of the vential mouth, 
which IS rounded and toothless. Stuigeons feed on other fishes, 
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which they swallow whole They aie the largest fiesh-watei fishes, 
for A sturio may attain a length of 18 ft. and a weight of 600 lb , 
while the A huso of Southern Russia may measure 25 ft and wmigh 
neaily 3000 lb. ’ Most of the species aie found both in the sea and in 
riveis or lakes The roes or ovaiies foim ca\iaie; the gelatinous 
inteinal la)er of the swim-bladder is used as isinglass 

The genus Scaplm'hymthus is lepiesented in Asia and the United 
States ; Polyodon or Spatularia spatula is the paddle-fish or spoon-bill 
of the Mississippi 

Order 3. Holostei ^ — with bony skeleton 

Living examples . — Lepidostetis and Amta, 

Extinct examples — Lepidotus^ Pycnodus, Aspidorhynchus. 

The N. American bony pike — Lepidosteus — is covered 
with rows of “ganoid” scales, the whole skeleton is well 
ossified, and the vertebral bodies are opisthocoelous ; the 
swim-bladder is like a lung in structure, and to some 
degree in function The bow-fin, Amia calva^ frequenting 
still waters in the United States, has a similai lung-like 
swim-bladder. Its scales are similar to those of a Teleost 

Order 4. Teleostei. The “ Bony Fishes ” 

This order includes most of the fishes now alive. 
Though comparatively modern fishes, they are older than 
was formerly supposed, as several Jurassic genera {Thrissops^ 
Leptolepis^ etc.), which used to be classed as “Ganoids,”^ 
must be considered as actual Clupeoids, or herring-like 
Teleostei. It is, however, not until the Upper Cretaceous 
and Tertiary epochs that they assume among fishes that 
overwhelming preponderance in numbers which they possess 
at the present day. The physostomous type of Teleostean 
is the most ancient, and probably stands in a continuous 
genetic line with the Holostei. 

The skeleton is well ossified, with numerous investing 
bones on the skull, others in the operculum, and on the 
shoulder-girdle. There is always a supra-occipital in the 

^ The term “ Ganoids,” which we abandon, is often used to include 
Crossopterygii, Chondrostei, and Holostei Though they agree in 
having a conus arteriosus with many valves, as opposed to the 
Teleostean bulbus, an optic chiasma, as opposed to the decussate 
condition m Teleosts, and an intestinal spiral valve which is absent m 
Teleosts, they do not seem to form a natural division. 
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skull. The tail is sometimes quite symmetrical or 
diphy cereal, but in most cases it is heteroceical at first, 
and acquires a secondary symmetry termed homocercal^ 
for while the end of the notochord in the young forms is 
bent upwards as usual, the subsequent development of rays 
produces an apparent symmetry. The scales are in most 
cases relatively soft. The roof of the fore-brain is without 
nervous matter. The optic nerves are remarkable, because 
they cross one another without interlacing (decussate). 
The partitions between the gill- clefts disappear, so, instead 
of the pouches seen in Elasmobranchs, there is, on each 
side, one branchial chamber, covered over by an opercular 
fold Into this chamber the comb-like gills, borne by 
the branchial arches, project freely. There is usually a 



Fig. 306. — The goldfish i^Cyprimts auratus). 


rudimentary gill or pseudobranch associated with the hyoid. 
There is no spiracle. In most, a swim-bladder is developed 
from the dorsal side of the gullet. The duct of the swim- 
bladder may remain open (Physostomous), as in herring, 
salmon, and carp , or it may be closed (Physoclystous), as in 
perch and cod. There is no spiral valve in the intestine, 
and the food canal ends in front of, and separate from, the 
genital and urinary apertures or aperture. The base of 
the ventral aorta is swollen into a non-contractile bulbus 
artenosus, but there is no conus, unless very exceptionally, 
as in Butirinus. A remarkable peculiarity is that the 
gonads are usually continuous with their ducts. The ova 
are numerous, usually small and fertilised in the water. 
The segmentation is meroblastic, and there is usually a 
distinct larval stage. 
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The Teleosts include the gieat majority of living fishes, which 
aie classified in thirteen sub-oideis and numerous families, e g, 
Clupeidas (hei rings) ; Salmomdse (salmon, trout) , Cyprinidae 
(carps) , MuiDenidc'e (eels) ; Esocidoe (pike) ; Gasterosteidoe (stickle- 
backs) , Syngnathidce (pipe-fish and sea-horses) , Gadidas (cod-fishes) , 
Peicidce (perch) ; Scombrid.ie (mackerels) , Pleuronectidse (flat-fishes) ; 
Cottidse (bull-heads) , Triglidce (gurnards) ; Lophiidae (angleis) ; 
Tetrodontidai (globe-fishes). 


Sub-Class III. Dipnoi. “ Mud-Fishes ” 

Fishes with a lung — the modified swim-bladder — as well 
as gills j the paired fins are of the archipterygium type, with 
a long segmented axis, sometimes bearing a series of lateral 
pieces on each side, with overlapping cycloid scales, with 
multicellular skin-glands, with a diphycercal tail. The 
notochord persists, and its sheath is unsegmented ; the skull 
is autostylic and is laigely a persistent chondrocranium with 
the addition of some membrane bones ; there are large 
compound grinding teeth. The external nares are on the 
ventral surface of the snout, or even within the upper lip, 
and the arching over of the nasal grooves leads to the 
formation of separate internal nares. The heart is 
incipiently three-chambered, containing mixed blood, with 
a spiral conus arteriosus with numerous valves , ’there is a 
vein resembling the inferior vena cava of higher vertebrates. 
There is a spiral valve in the intestine. The eggs are large 
and exhibit total unequal segmentation, as in Amphibians. 

The Dipnoi, whose name means double breathers, are 
now represented by three genera — Ceratodus^ from two 
rivers of Queensland; Protopterus^ from certain African 
rivers, e,g. the Gambia , and Lepidosiren^ from the Amazons. 
The wide distribution is noteworthy. 

They are very ancient forms, for Ceratodus existed in 
Triassic and Jurassic times (though no post-Jurassic 
remains are known). There were also undoubted Dipnoi 
far back in Palaeozoic times, such as Dipterus and 
Phaneropleuron of the Devonian, Ctenodus and Uronemus 
of the Carboniferous. 

The living Dipnoi are probably the survivors of an 
archaic group, in their teeth and autostylic skull they 
resemble Holocephali; in their fins and air-bladder they 
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recall Crossopterygii 



, in their cartilaginous skeleton 
and persistent notochord they are 
primitive, m their lung, heart, in- 
ferioi vena cava, multicellular skin- 
glands, and eggs they approach 
Amphibians. 

The Dipnoi are physiologically 
transitional between Fishes and 
Amphibians, having, for instance, 
acquired lungs while retaining gills, 
but It does not follow that they 
are morphologically transitional. 
They are intermediate, but that is 
not to say that they are the connect- 
ing links. 

Oeratodus. — The genus Cera- 
todus IS abundantly represented by 
fossils in the Mesozoic beds of 
Europe, America, Asia, and Aus- 
tralia, but the living animal is now 
limited to the basins of the Burnett 
and Mary rivers of Queensland 
(see Fig. 6). Like that other old- 
fashioned animal the duckmole, 
Ceratodus frequents the still, deep 
places of the river’s bed, the 
so-called “water -holes.” At the 
bottom of these it lies sluggishly, 
occasionally rising to the surface 
to gulp in air. Its diet was for- 
merly supposed to be exclusively 
vegetarian, but Semon holds that 
it crops the luxuriant vegetation of 
the river-banks only for the sake 
of the associated animal life — 
larvae and eggs of insects, worms, 
molluscs, amphibians, and fishes. 
Though Ceratodus is quite unable 
to live out of water, its air-breath- 
ing powers enable it to exist in 


water which is laden with sand or rotten vegetable matter. 
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Cemtodus sometimes attains a length of 6 ft The body is elongated 
and compiessed, and bears a continuous vertical fin The paired fins 
aie trowel-hke. There aie five gill-clefts, foiii internal gills, and a 
hyoid half-gill Theie are no external gills 

The swim-bladder or lung is single It is supplied with blood from 


the fourth bianchial aiches, as ds the 
and Amta It aiises ventially, but lies 
dorsally, and is divided into compart- 
ments 

The auricle of the heart has a 
dorsal fibrous ridge hinting at a divi- 
sion. A similar incomplete septum 
occurs in the ventricle, and the sinus 
venosus is divided into a left pulmonary 
and a right systemic portion The conus 
aiteriosus is peculiarly twisted, and 
contains a short longitudinal spiial 
valve and numerous laige ‘‘pocket” 
(or “Ganoid”) valves, 

Protopterus. — This mud-fish 
lives in the Gambia, Quilimane, 
and some other African rivers. 
It is mainly but not exclusively 
carnivorous, and attains a length 
of 2 to 3 ft. or more. It has 
extraordinary vitality, surviving 
severe wounds, long fasting, and 
desiccation. It appears to be 
most active at night, and to prefer 
shallow water, swimming rapidly 
with powerful tail - strokes, or 
“ walking” slowly along the bottom 
with its filamentous fins moving 
alternately on each side, somewhat 
like the legs of a newt. At short 
intervals it comes to the surface 
to take mouthfuls of air, which 
passes out again through the 
opercular aperture. 


swim-bladder of Polypteriis, 



Fig. 308. — Skeleton of Cera- 
todtts fin — From Gegen- 
baur 

a. , Central axis , r , radials , 
h , basal piece 


As the dry season approaches, Protopterus burrows into the earth to 
a depth of about 18 in,, coils itself up, and secretes abundant mucus 
from its skin glands. This secretion forms a cocoon or capsule, with 
adherent earth externally, with moist slime internally, and with a lid, 
on which theie is always a small aperture. Thus encapsuled, the 
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animal may remain dormant for many months, e.g from August to 
December The air seems to pass directly fiom the mouth of the 
burrow, thiough the apeiture of the capsule-lid (which is pioduced 


IL 



Fig, 309. — Head region of Protopterus — Fiom W. N. Parker. 

sn f , Sensory tubes , / ^ , lateral line ^ e hr ^ external gills , pc h , 
pectoral fin, op , operculum 

inwards in a short pipe) to the nostrils, and thence to the lungs 
The nourishment appears to be derived from a store of fat deposited 
in the lymphoid tissue around the reproductive oigans and kidneys, 
and among the lateral muscles of the tail (ch fatty bodies m 



Fig 310 — Larva of Protopterus . — After Budgett 
eg , external gills , Pc , pectoial fin , Pv , pelvic fin 


caterpillars, amphibians, etc.). Moreover, some of the muscles are 
replaced by fat, and others undergo a pathological granular degenera- 
tion (cf lamprey). To a certain extent, therefore,, the dormant 
animal lives on its own tail. It is probable that leucocytes aid in the 
absorption and transportation of the degenerated muscles (cf. tadpoles). 
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These capsules, with the surrounding earth, have often been transpoited 
from Africa to Northern Europe, without injury to the dormant fish 
within. The fish makes a nest which is guarded by the male The 
larvae have foui pairs of external gills, and a crescentic sucker like that 
of an Amphibian tadpole. 



Fig 31 1 . — Larva of Lepidostren . — After Graham Kerr. 


Lepidosiren. — This mud-fish from the Amazons has an 
eel-shaped body, with a continuous vertical fin. The limbs 
are reduced to the axis only. There is a well-developed 
septum in the auriclCj an all but complete septum in the 
ventricle, and a complete septum in the conus. The lung 
IS double. The eggs are laid in burrows, and the male 
remains curled up beside them. The young are hatched 
with external gills. 


37 



CHAPTER XXIII 

Class AMPHIBIA 

Older I. Stegocephali (extinct). 

,, 11. Gymnophiona oi Apoda (a small ordei). 

,, III. Urodela or Caudata, e ^ Newts and Salamanders. 

,, IV. Anura or Ecaudata, e £ Frogs and Toads. 

Amphibians made the transition from aquatic to terrestrial 
lifa But almost all have lagged near the water. Certain 
acquisitions, such as lungs and a three-chambered heart, 
incipient in the Dipnoi, are here firmly established. As 
regards bodily size, the Amphibian race has dwindled since 
the days of its prime, but it seems to have been progressive, 
for some of its members show affinities with Reptiles. 

General Characters 

Amphibia are Vertebrates in which the visceral arches of 
the larva almost always bear gills^ which may be retained 
throughout hfe^ though the adults normally possess functionat 
lungs. Whence it follows that the nostrils, through which the 
air enters, must open into the inouth. When limbs are 
present, they have distinct digits. The unpaired fins, fre- 
quently present both in larvce and adults, are without fin-rays. 
In existing forms there is rarely any exoskeleton, but some 
extinct forms had an armour of bony plates. The skull has 
two occipital condyles. The heai^t is three-chambered, with 
two auricles and a ventricle, — and a conus arteriosus. The 
gut ends in a cloaca, into which the ducts from kidneys and 
reproductive organs also open. A bladder, growing out from 
the hind region of the gut, is probably homologous with the 
allantois of the embryos of higher Vertebrates The ova are 
small, numerous, usually pigmented, and with yolk towards 
one pole. They are almost always laid in water ^ the seg- 
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metitation ts holohlastic^ but unequal. There is usually a 
metamorphosis in developfnent. 

Huxley was the fiist to recognise the affinities between Fishes and 
Amphibians, and to unite the two classes undei the title Ichthyopsida. 

Of the characters common to the tw^o classes, the following are 
important * Gill-shts aie functional in lespiration, but in Amphibians 
they may disappear aftei laival life, the Eustachian tube excepted ; 
gills are always present, but they may be restricted to the larval stages 
in Amphibians , in fishes and larval Amphibians a single vential aorta 
leaves the heart, there is no amnion, and at most a homologue of 
the allantois (in Amphibians) ; there are only ten pairs of cranial 
nerves; there are lateral sensory structures, such as the “branchial 
sense organs ” and those of the “lateral line,” but these may be dim- 
inished in the adults ; unpaired fins aie almost always represented, but 
may not persist in the adult life , there is a functional pionephros in 
early stages. 

From the higher Vertebrates or Amniota the Ichthyopsida are clearly 
distinguished by the presence of gills (in youth at least) and by the 
absence of amnion and functional allantois. For though the bladder of 
Amphibians may be homologous with an allantoic outgrowth, it does 
not function as such, i.e it does not aid in the respiration or the 
nutrition of the embryo. 

It is more difficult to distinguish between Fishes and Amphibians, more 
especially if we include the Dipnoi m the former class. The most obvious 
differences aie the absence of fin-iays and the development of fingers and 
toes. In the following table the two classes are contrasted : — 


Fishes 

Amphibiaxs 

Gills persist throughout life 

Gills may disappear as the adult form 
is attained 

The swim-bladder functions as a lung 
in Dipnoi and less markedly in 
some “Ganoids,” but in most cases 
Its respiratory significance is slight 

Lungs are always developed in the 
adults. It IS doubtful whether 
they are directly comparable with 
the swim-bladder. 

The heart is two-chambered (incvpiently 
three-chambered in Dipnoi). There 

IS no inferior vena cava, except in 
Dipnoi. 

The heart has three chambers There 

IS an inferior vena cava, and paired 
posterior cardinals are seen only in 
the larva 

The limbs are fins 

The limbs have digits 

The unpaired fins are supported by fin- 
rays (dermotrichia) 

There are no fin-rays. 

The skull has, in most cases, one 
occipital condyle 

There are two occipital condyles A 
columella runs from the tympanum 
to a fenestra ovalis in the ear 
capsule 

There is usually an exoskeleton of scales 
or scutes 

There is no exoskeleton, except m a 
few cases, and in extinct forms 

There are no true posterioi nares 

There are posterior nares opening into 
the cavity of the mouth 

There is no certain homologue of the 
allantois. 

The cloacal bladder seems to be the 
homologue of the allantois 
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The Frog as a type of Amphibians 

The common British frog {Ha?ia temporarid) and the 
frequently imported continental species {R, esculentd) agree 
in essential features. 

Though aquatic in youth, they often live in dry places, 
hiding in great drought, reappearing when the lain returns 
Every one knows how they sit with humped back, how they 
leap, how they swim. They feed on living insects and slugs. 



Fig 312. — The edible frog {Rana esciUenta). 


These are caught by the large viscid tongue, which, being 
fixed in front of the mouth and free behind, can be jerked 
out to some distance, and with even greater rapidity re- 
tracted. When a frog is breathing, the nostrils are alternately 
opened and closed, the under side of the throat is 
rhythmically expanded and compressed, the mouth re- 
mains shut meanwhile. The males trumpet in the 
early spring to their feebly responsive mates. In our 
British species the pairing takes place soon after; the 
young are familiarly known as tadpoles, and a notable 
metamorphosis takes place. In winter the frogs hiber- 
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nate — buried in the mud of the ditches and ponds, mouth 
shut, nose shut, eyes shut — and bieathe through their skin. 

Form and external features. — The absence of neck and 
tail, the short fore-limbs almost without thumbs, the longer 
hind-hmbs with five webbed nailless toes and with a long 
ankle region, the apparent hump-back where the hip-girdle 
is linked to the vertebral cohimn. There is a very rudi- 
mentary thumb, and there is a horny knob at the base of 
the hallux or “ great toe.” At pairing time the skin of the 
first finger is modified m the males into a rough cushion, 
darkly coloured in R, temporaria 

The wide mouth, the valvular nostrils, the protruding 
eyes, the upper eyelid thick, pigmented, and slightly mov- 
able, the lower rudimentary and immovable, the third 
eyelid or nictitating membrane semi-transparent and moving 
very freely, the circular drum of the ear, the 'slightly dorsal 
cloacal aperture. 

Skin. — The smooth, moist skin is loosely attached at 
intervals to the muscles by bands of connective tissue, 
which form the boundaries of over a score of lymph-sacs. 
These contain fluid partly absorbed through the skin, and 
open into the veins by two pairs of lymph-hearts. The skin 
consists of a two-layered (ectodermic) epidermis, and an 
internal (mesodermic) dermis. The transparent outer layer 
of the epidermis is shed periodically, and swallowed by the 
frog. The dermis differs markedly from that of a fish, for 
there is no exoskeleton, though this was present in the 
extinct Labyrmthodonts ) there are fnulticellular glands, 
whose secretion keeps the skin moist and is in part 
poisonous 3 and there is a stratum of unstriped muscle 
fibres. Pigment cells occur m the dermis, and some 
extend between the cells of the epidermis. The colour 
changes a little according to the state of these cells, the 
protoplasm expanding and contracting partly through the 
direct influence of light and moisture on the skin, partly by 
a more complex reflex action in which the eyes, the brain, 
and the sympathetic nervous system are all implicated. In 
the larval salamander the pigment cell seems to contract 
and expand as a whole, but this is not usually the case. 
There are cutaneous blood vessels, by means of which the 
frog can, to a certain extent, breathe by its skin. The 
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tadpole has sensory cells in distinct lateial lines, but of this 
regularity the adult retains little trace, though it has many 
nerve-endings and ‘Houch-spots in various parts of its skin. 

The axial skeleton. — The vertebral column consists of 
nine vertebrae, and an unsegmented urostyle or coccyx 
The first vertebra bears two facets for the two condyles of 
the skull, and an odontoid process which lies between the 
condyles. It has no transverse processes, and its arch is 
incompletely ossified. Each of the 
next six has an anteriorly concave or 
procoelous centrum, a neural arch sur- 
rounding the spinal cord, a transverse 
process from each side of the base of 
the arch, an anterior and a posterior 
pair of articular processes, and a short 
neural spine. The eighth vertebra has 
a biconcave or amphicoelous centrum. 
The ninth is convex in front, with two 
convex tubercles behind, and bears 
II large transverse processes with which 
the hip-girdle articulates. The uro- 
style, formed by the fusion of several 
vertebrae, has anteriorly a dorsal 
arch enclosing a prolongation of the 
spinal cord ; but both arch and 
nerve-cord soon disappear posteriorly. 
Fig. 313. —Vertebral notochord, around which the 

column and pelvic vertebral column has developed, is 
girdle of bull-frog. finally represented only by the ves- 
tp. Transverse processes tiges in the Centra of the verte- 

of sacral vertebra ; II , 1 ^ 
ilium, urostyle , jPi? , Orse. 

region’ COUSlStS — of the 

persistent parts of the original car- 
tilaginous brain-box or chondrocranium, developed, as in 
the skate, from parachordals and trabeculae, plus nasal 
and auditory capsules , {b) of ossifications of parts of 
the chondrocranium, cartilage bones , (r) of membrane 
or investing bones; and (d) of associated visceral arches 

Two ex-occipitals bounding the foramen magnum and forming the 
condyles, two pro-otics or ossifications of the original auditory capsule, 
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and an unpaiied sphenethmoid foiming the fiont of the brain-case, are 
cartilage bones. Piobably the slendei rods known as quadrato-jugals 
or jugals aie also cartilage bones. 

Two parieto-fiontals and two nasals above, a paired vomer and an 
unpaired dagger -shaped paiasphenoid beneath, and two lateral 
hammer-shaped squamosals (para- 
quadrates) aie membrane bones 
There is no basisphenoid ossifica- 

To these are added the small / 

premaxillae in the very fiont of the / 

skull, and the long maxilla on each 

side The quadiato-jugal connects MJ S/jhJ 4- TV iW 
the maxillae with a minute nodule /Jjj j ^ Nm 

which represents the quadrate ^ 

On the loof of the mouth, ex- [ I Qj 

tending from the quadrate forwards UT v 

to near the vomers, aie the ^ ^ 

triradiate pteiygoids, while at * « 

right angles to the anterioi end 
of the parasphenoid and behind 
the vomers are the palatines. 

Each half of the lower jaw, jr 

based on Meckel’s cartilage, con- Rlnlc iK” 

sists of three pieces, — the largest II VA 

an articular angulo-splenial, out- ^ M )A 

side this a thin dentary, and if /% 1^ 

anteriorly uniting with its fellow |/ i 

a minute mentoraeckelian. y J 

A delicate rod — the columella v ^ Tt 

auris — extends from the tympanum 
to the fenestra ovalis in the inter- 


nal capsule of the ear. According 
to Parker, it represents the upper 
part of the hyoid arch, the lower 
portion of which forms the car- 
tilaginous or partially ossified 
hyoid plate, which lies in the floor 
of the mouth and is produced into 
two anterior and two posterior 
cornua 

The teeth are borne by the pre- 
maxillse, maxilke, and vomers 

There is no parietal foramen, 
but m the Labyrinthodonts it is 
always distinct. 

The cartilage which bears the 


Fig. 3x4 — Skull of frog — upper 
and lower surface. — After W, K, 
Parker. 

Upper surface — 

Pmx , premaxilla , JV , nasal , M , max- 
illa ; St/ , squamosal , Qj , quadrato- 
jugal ^ e o , ex-occipitals \ Pf ^ parieto- 
frontals , Sph R , sphenethmoid ; P.O.f 
pro-otic 

Lower surface — 

P/;tx , premaxilla , Jlf , maxilla , Qj, 
quadrato-jugal ; Q , quadrate , /V , 
pterygoid , Ps , parasphenoid , P O , 
pro-otic : Sp,R , sphenethmoid ; PI , 
palatine , V , vomer , c , columella 

quadrate at its lower end, and runs 


between pterygoid and squamosal, connecting the articulation of the 


lower jaw with the side of the skull at the auditory capsule, is called 


the suspensorium. In Elasmobranchs the hyomandibular is the sus- 
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pensorium ; in Teleosteans the name is applied to the hyomandibular 
and symplectic ; m Sauropsida the quadrate occasionally gets the same 
confusing title. 

When the lower jaw is connected with the skull wholly by elements 
of the hyoid arch, as in most Elasmobianchs and Ganoids, and all 
Teleosteans, the term hyostyhc is used When the connection is due 
to a quadiate element only, as in Amphibia and Sauropsida, it is 
called autostyhc When there is both a hyoid and a quadrate element, 
as in Lepidostens among Ganoids, or a hyoid and a palato-qiiadiate, as 
in Cestraaon among Elasmobranchs and perhaps also in Holocephali, 
the term amphistylic is used. Finally, it may be noted heie that in 
Mammals the lower jaw articulates with the squamosal. 

The first or mandibular arch gives origin infenorly to MeckeFs 
cartilage, which forms the basis and peisistent core of the lower 
jaw, and superiorly to the palato-pterygo-quadrate cartilage which 
is represented in the adult by the minute quadrate bone, by the 
suspensonal cartilage, and by other cartilages which are invested 
by the pterygoid and palatine bones 

The second or hyoid arch gives origin infenorly to the hyoid plate , 
superiorly, according to Parker, to the columella. 

Of the foul posterior branchial arches, there are m the adult some 
persistent remnants, e ^ in the larynx. 

The limbs and girdles. — The shoulder-girdle consists of 
a dorsal portion— -the scapula and the partially cartilagi- 
nous supra-scapula, and of a ventral portion — the coracoid 
and the pre-coracoid. With the latter, according to most 
authorities, a thin clavicle is associated. The glenoid 
cavity, with which the humerus articulates, is formed by the 
junction of scapula and coracoid 

Between the median ends of the coracoids lie two fused 
cartilaginous epicoracoids, behind which is a bony part of 
the sternum, prolonged posteriorly into a notched cartila- 
ginous xiphisternum. Anteriorly lies a bony portion called 
the omosternum, which is prolonged forwards into an epi- 
sternum cartilage. This sternum does not arise like that of 
higher Vertebrates, from a fusion of the ventral ends of ribs. 
Indeed, there are no ribs in the frog, unless they be minute 
rudiments at the ends of the transverse processes. 

The tiue frogs (Ramdse) have what is called a firmtsUrnal pectoral 
arch, m which precoracoid and coracoid nearly abut on the middle line, 
and are only narrowly separated by the epicoracoids. In toads, tree-frogs, 
etc., the arch is arciferal^ the precoracoid and coracoid being widely 
separated medianly, and connected by a large aiched epicoracoid, over- 
lapping Its fellow. 

The skeleton of the fore-limb consists of an upper arm 




Fig. 315, — Skeleton of frog. The half of the pectoral girdle, and 
fore- and hind- limb of the right side are not shown. 

pntx , premaxilla ; mx., maxilla, «, nasal, sphenethmoid ; 

parieto-frontal , PO ^ pro-otic, pt ^ pterygoid, g j., 
quadrato-jugal ; sq , squamosal , Q., quadrate ; c , columella 
auns , ^ , atlas , ip., transverse process ,SV., sacral vertebra , 

U , urostyle , S sc , supra scapula , H , humerus ; E.l/., radio 
ulna ; Cp , carpals , Me , metacarpals ; 74, ilium ; Is , ischium , 

P , femur , T,P., tibio-fibula , Ca , calcaneum , As , astra- 
galus , C , calcar , Mi , metatarsals. 
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or humerus, a fore-arm in which the inner radius and the 
outer ulna are fused, a wrist or carpus including two 



Fig 316. — Pectoral girdle oi Rana esmlenta 
— Aftei Ecker. 

The cartilaginous parts are dotted Ep , Episternum , om , omo- 
sternuni , Ep c ^ epicoracoids , st , sternum , ji , xiphisteiiuim , 
a , clavicle with underlying precoracoid cartilage , ccf , cora- 
coid , Sc, scapula; S sc , supra-scapula ; Gl , glenoid cavitj 
for humerus 


proximal and three distal elements, and a central piece 
wedged in between them, five metacarpal bones, of which 
the first — corresponding to the absent thumb— is very 



Pb 


Fig 317. — Side view of fiog’s pelvis. — After Eckei. 

II , Ilium, Is , ischium , Pb , pubis, Ac , acetabulum 

small, and four fingers, of which the two innermost have 
two joints or phalanges, while the two others have three. 

The pelvic girdle is shaped like a V, or like a pair of 
tongs. The ends are cartilaginous and articulate with the 
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expanded transverse processes of the ninth or sacral 
vertebra. Each limb of the V is an ilium ^ the united 
posterior part consists of a fused pair of ischia, and a ventral 
cartilaginous pubic portion. Ilium, ischium, and pubis unite 
m bounding the deep socket or acetabulum with which the 
femur articulates. 

The skeleton of the hind-limb consists of a thigh bone or 
femur, a lower leg formed from the united tibia and fibula, 
an ankle region or tarsus including two long proximal 
elements — the astragalus or tibiale and the calcaneum or 



Fig. 318 — Brain of frog. — ^After Wiedersheim 

I Dors\l Aspect — oL Olfactory lobes, ch^ cerebral hemi- 
spheres , P , pineal body, rising from region of optic thalami ; 
oj) 1 5 optic lobes ; cb , rudimentary cerebellum, m 0 , medulla 
oblongata 

11 Ventral Aspect — The numbers indicate the origins of the 
nerves ch , Optic chiasma; T.c , tuber cinereum (infundib- 
ulum), R., hypophysis. 

Ill Horizontal Section — Iv, i and 2, lateral ventricles of 
cerebrum , F m , foramen of Monro , P , 3 and 4, third and 
fourth ventricles ; Ag , cavities of optic lobes and aqueduct of 
Sylvius from third to fourth ventncle. 

fibulare — and three imperfectly ossified distal elements, five 
metatarsal bones, and five toes The first toe or hallux 
has two phalanges, the second also two, the third three, the 
fourth four, the fifth three, and, finally, outside the hallux 
there is a “ calcar,’^ which looks like an extra toe, and con- 
sists of three pieces. The astragalus is in line with the first 
toe. The long bones of the skeleton show readily separable 
calcified terminal caps. 
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Muscular system.— The muscles are enswathed in con- 
nective tissue. They consist of bundles of striated fibres, 
and at their ends or at one of them they are usually con- 
tinued into tendons, 
which are more or 
less directly attached 
to parts of the skele- 
ton. 

For an account of 
the musculature of 
Vertebrate types, 
the student is re- 
ferred to the 
guides to practical 
work cited in the 
Appendix. 

Nervous system. — 
The brain, covered 
with a darkly pig- 
mented pia mater, 
has the usual five 
parts. 

The elongated 
cerebral hemi- 
spheres have 
‘‘olfactory lobes” 
in front of them, 
and are con- 
nected by an- 
terior and 
posterior com- 
missures, and 
by a hint of a 
“corpus cal- 
losum ” (?). 

The thalamencephalon gives origin dorsally to a pineal 
outgrowth. The pineal body lies outside the skull m 
the tadpole, but is partially atrophied in the adult, so 
that little more than the stalk is left. On the ventral 
side will be seen the chiasma or interlaced crossing of 
the optic nerves, and a tongue-shaped mass (the tuber 


Fig. 319. 


-Nervous system of frog - 
Ecker. 


-x^fter 


i-io, The cranial^nerves , oc , eyes , crb , in front of 
optic chiasma , to , optic tract , sym , sympa- 
thetic system ; , spinal cord ; , spinal 

nerves 
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cmereum or infundibulum), to which the pituitary body 
IS attached. 

The optic lobes, a pair of oval bodies, between and 
below which is the iter. 

The cerebellum, a very narrow transverse band. 

The medulla oblongata, on the roof of which the pia 
mater forms a very vascular “ choroid plexus ” 

The cavities of the brain and the canal of the spinal cord 
are in the adult lined by ciliated epithelium. 

The cranial nerves are, as usual, on each side the 
following : — 

( 1 ) Olfactory, from the olfactory lobe to the nose ; 

(2) Optic, crossing and interlacing with its fellow ; 

(3) Oculomotor, to four muscles of the eye ; 

(4) Pathetic, to the superior oblique eye muscle j 

(5) Trigeminal, with ophthalmic, maxillary, and mandibular branches ; 

(6) Abducens, to the external lectus eye muscle ; 

(7) Facial, arising along with the auditory, with a ganglion uniting 

with the Gasserian ganglion of the trigeminal, with a palatine 
blanch to the roof of the mouth, and a hyoid branch to the 
lower jaw ; 

(8) Auditory, to the ear ; 

(9) Glossopharyngeal, to the tongue and some of its muscles ; with 

a ganglion which unites with that of the tenth ; 

(10) Vagus, with branches to lungs, heart, stomach, etc. 

The spinal cord gives ongin to ten pairs of spinal nerves, and is 
swollen at the origin of those which go to the limbs Around the 
union of the anterior and posterior roots lie sacs with crystals of 
carbonate of lime. 

The sympathetic system consists of about ten pairs of ganglia — (a) 
united by branches to the spinal nerves ; {if) united to one another by 
longitudinal trunks which accompany the dorsal aorta and the systemic 
arches, and end anteriorly in the Gasserian ganglion ; [c) giving off 
branches to the heart, the aorta, and the viscera in the pelvic region. 

Sense organs. — The eyes project on the top of the head 
and on the roof the mouth There is a third eyelid. 
The transparent cornea in front, the firm sclerotic surround- 
ing the eyeball, and the sheath of the optic nerve, are as 
usual continuous. The next layer includes the vascular 
and pigmented choroid and the brilliant iris Internally is 
the sensitive retina, while vitreous humour fills the cavity 
behind the lens. 

The internal ears have the usual parts, and lie within the 
auditory capsules, which are in great part bounded by the 
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pro-otics. Connecting the fenestra ovalis of the eai with 
the tympanic membrane, which is flush with the skin, there 
IS a delicate bony rod — the columella. This lies in the 
Eustachian tube, which opens into the mouth at the coiner 
of the gape. 

The nostrils open into small nasal cavities, with folded 
walls of sensitive membrane , the posterior nares open into 
the front of the mouth. 

There are taste papilla on the tongue, and touch-spots 
on the skin. 

Alimentary system. — The frog feeds in great part on 
insects, which it catches dexterously with its tongue. This 
is fixed in front and loose behind. There are teeth on the 
premaxillae, maxillse, and vomers. Into the cavity of the 
mouth the nasal sacs open anteriorly, and the Eustachian 
tubes posteriorly. The males of Rana esculenfa have a pair 
of resonating sacs which open into the mouth cavity at the 
angle of the jaw, and are dilated during croaking. The 
tongue bears numerous taste papillae. Behind the tongue 
on the floor of the mouth is the glottis, the opening of the 
short larynx which leads to the lungs. The larynx is sup- 
ported by two arytenoid cartilages, and also by a ring , with 
the arytenoids the vocal cords are closely associated. The 
lungs lie so near the mouth that laryngeal, tracheal, and 
bronchial regions are hardly distinguishable. On the floor 
of the mouth is the hyoid cartilage, which serves for the 
insertion of muscles to tongue, etc. 

Of the (4) gill-clefts which are borne on the walls of the 
pharynx in the tadpole, there are no distinct traces in the 
adult. The lungs develop as outgrowths from the gullet. 

The gullet leads into a tubular stomach, which is not 
sharply separated from it. There is a pyloric constriction 
dividing the stomach from the duodenum, or first part of 
the small intestine. After several coils the small intestine 
opens into the wider large intestine or rectum, which enters 
the cloaca. 

The liver has a right and a left lobe, the latter again sub- 
divided. The gall-bladder lies between the right and left 
lobes; bile flows into it from the liver by a number of 
hepatic ducts, which are continued onwards to the duodenum 
in a common bile-duct. The pancreas lies in the mesentery 
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between stomach and duodenum, and its secretion enters 
the distal portion of the bile-duct. The bladder is a ventral 
outgrowth of the cloaca, has no connection with the ureters, 
and seems to be homologous with the allantois of Reptiles, 
Birds, and Mammals. 

Vascular system. —The heart, enclosed in a pericardium, 
is three-chambered, consisting of a muscular conical ven- 
tricle, which drives the blood to the body and the lungs, of 
a thin-walled right auricle receiving impure blood from the 
body, and of a thin-walled left auricle receiving purified 
blood from the lungs. From each of the auricles blood 
enters the ventricle. The two superior venge cavse which 
bring back blood from the anterior regions of the body, and 
the inferior vena cava which brings back blood from the 
posterior parts, unite on the dorsal surface of the heart in a 
thin-walled sinus venosus, which serves as a porch to the 
right auricle. From the ventricle the blood is driven up a 
truncus arteriosus, which is at first single (the pylangium) 
and then multiple (the synangiuni). 

Thus we may distinguish five regions in the heart, — the ventricle, 
the right auricle, the left auricle, the sinus venosus, and the truncus 
arteriosus The sinus venosus is the hindmost, the truncus arteriosus 
the most anterioi part. The opening of the pylangium into the 
ventricle is guarded by two semilunar valves ; the ca\ity of the pylangium 
IS incompletely divided by a longitudinal valve , there are also valves 
separating pylangium from synangium, and in the cavity of the latter. 
The complex mechanism is interesting because it determines the couise 
of the blood leaving the ventiicle. The truncus arteriosus corresponds, 
in pait at least, to the conus aitenosus of many fishes. 

As the heart continues to live after the frog is really dead, its contrac- 
tions can be readily observed The smus venosus contracts first, then 
the two auricles simultaneously, and finally the ventricle Although 
the ventiicle receives both impure and pure blood, the structural ar- 
rangements are such that most of the impuie blood is driven to the 
lungs, the purest blood to the head, and somewhat mixed blood to 
the body. 

The blood contains m its fluid plasma — {a) the oval 
“red” corpuscles, with a definite rind, a distinct nucleus, 
and the pigment haemoglobin ; {h) white corpuscles or 
leucocytes, like small amoebae in form and movements; 
ic) very minute bodies, usually colourless and variable in 
shape. When the blood clots, the plasma becomes a 
colourless serum, traversed by coagulated fibrin filaments. 
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the red corpuscles often arrange themselves in rows, anc 
the white corpuscles are entangled in the coagulated shreds 
When the web of a living frog is examined under the micro 
scope, it will be seen that the flow of blood is most rapid in 



Pig. 320. — Arterial system of frog. 

l , Lingual , c , carotid , j , systemic , cu , cutaneous , pulmon- 
ary ; V , occipito-vertebral , h , brachial , c.m ^ coeliacc- 
mesenteric ; r , renal , zl , common iliacs , h , haemorrhoidal 

the arteries, more sluggish in the veins, most sluggish in the 
capillaries or fine branches which connect the arteries and 
the veins. The red corpuscles aie swept along most rapidly, 
and are often deformed by pressure ; the leucocytes tend to 
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cling to the walls of the capillaries, and may indeed pass 
through them (diapedesis). 

The arterial system , — Each branch of the truncus arteri- 
osus is triple, and divides into three arches — 



m , Mandibular and lingual ; ej y external jugular , z a, internal 
jugular; scp , subscapular, zw , innominate; scLy subclavian, 

, brachial , m c , musculo-cutaneous , kv, hepatic vein ; 
h p , hepatic portal , aa y anterior abdominal , rp , renal- 
portal ,p V y pelvic , sc , sciatic yRy femoral yivCy inferior vena 
cava , c , cardiac vein 

I. The carotid arch, the most anterior, corresponding to 
the first efferent branchial of the tadpole, gives off— 

A lingual artery to the tongue , 

A carotid artery, which bears near the origin of the lingual a 
spongy swelling (the “carotid gland’'), and gives oft an 

gS 
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external carotid to the mouth and the orbit, and an internal 
carotid to the brain. 

II. The systemic arch, the median one of the three, 
corresponding to the second efferent branchial in the 
tadpole, gives off — 

The laryngeal artery to the larynx ; 

The oesophageal to the oesophagus ; 

The occipito-veitebral to the head and vertebral column ; 

The subclavian or brachial to the fore-limb 

From the left aortic arch, just as it unites with its fellow 
of the other side to form the dorsal aorta, or from the 
beginning of the dorsal aorta, there is given off the coeliaco- 
mesenteric to the stomach, intestine, liver, and spleen. 

Farther back the dorsal aorta gives off— 

The renal arteries to the kidneys, and the genital arteries to the 
reproductive organs ; 

The inferior mesenteiic to the large intestine 

Then it divides into two iliacs, each of which supplies the bladder 
(hypogastric), the ventral body wall (epigastric), and the leg (sciatic). 

III. The pulmocutaneous arch, the most posterior, 
corresponding to the fourth efferent branchial m the 
tadpole, gives off — 

the cutaneous artery to the skin, 
and the pulmonary artery to the lungs 

The venous system. — I. Each superior vena cava is 
formed from the union of three veins, and each of these 
three is formed from two smaller vessels. 


Superior 
vena cava. 


r External 
jugular. 

Innominate. 


Subclavian 


/Lingual from the mouth and tongue. 
\Mandibular from the lower jaw. 
r Internal jugular from the inside of the skull 
4 Subscapular from the back of the arm and 
t the shoulder 
[ Brachial from the arm 
4 Musculo-cutaneous from the skin and sides 
of the body 


IL The inferior vena cava begins between the kidneys, 
and ends m the sinus venosus. Its components are as 
follows : — 


Inferior 
vena cava. 


r Efferent renal veins from the kidneys. 

4 Genital veins from the reproductive organs. 
[Efferent hepatic veins from the liver. 
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The renal portal system, by which venous blood from 
the posterior region filters through the kidneys on its way 
back to the heart, is as follows on each side — 

( A posteiioi branch of the femoial vein from the 
hind-hmb foms the renal portal vein, which 
receives the sciatic fiom the back of the leg, and 
the dorso-lumbar veins fiom the dorsal wall of 
the body, and oviducal veins in the female 

The anterior branch of the femoral vein is called the 
pelvic, and unites with its fellow of the opposite side, and 
gives origin to a median vein which runs to the liver — the 
anterior abdominal By means of an anastomosing branch, 
the anterior branch of the femoral is also connected to the 
sciatic. 

The hepatic portal system, by which venous blood from 
the posterior region and from the gut passes through the 
liver on its way back to the heart, is as follows — 

{ Anteiioi abdommal vein, from the union of the 
two pelvics, receiving tributaries from the 
bladder, ventral body wall, and truncus 
arteriosus 

Hepatic portal vein, from the union of veins from 
the stomach, intestine, and spleen 

III. The pulmonary veins, which bring back purified 
blood from the lungs, unite just before they enter the left 
auricle. There are numerous valves in the veins of the 
frog. 

Lymphatic system,— The lymph is a colourless fluid, like blood 
without red corpuscles. It is found m the spaces between the loose 
skin and the subjacent muscles, in the pleuro-pentoneal cavity in which 
heart, lungs, and other organs he, in a sub-vertebral sinus extending 
along the backbone, and in special lymphatic vessels which pass fatty 
materials absorbed from the intestine into the venous system. There 
are two pairs of contractile ‘ ‘ lymph hearts ” at two regions where the 
lymphatic system communicates with the veins A pair lie near the 
posterior end of the urostyle ; the other two lie between the transverse 
processes of the third and fouith vertebr£e. Their pulsations can be 
seen on the back of the living frog 

Meclianism of the heart,— The right half of the ventricle, 
being nearer the right auricle, contains more impure blood, and it is 
from the right side of the ventricle that the truncus arteriosus arises 
The middle of the ventncular cavity contains mixed blood The 
left corner contains pure blood received from the pulmonary veins. 
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The ^arlous valves and the conditions of pressure are such that the 
venous blood passes by the pulmonaiy artery to the lungs, the next 
quantum of blood enters the sjstemic arches, and the nearly pure 
arterial blood from the left side of the ventricle passes into the caiotids. 
To understand the mechanism, it is necessary to consult ^some book 
with a complete anatomical description, especially Gaupp’s edition of 
Ecker and Wiedersheim’s Anaiomie des Frosches (1899) 

Spleen, thyroid, and thymus. — The spleen is a small red 
organ lying in the mesentery near the beginning of the large intestine 
The thyroid is represented by two little bodies near the roots of the 
aortic arches. The thymus, perhaps originally associated with the 
gill-clefts, lies on each side just behind the angle of the lower jaw, 

Respiratory system. — The larval frog breathes at first 
through Its skin, then by gills. The adult frog breathes 
chiefly by its lungs, but some cutaneous respiration is still 
retained, for even without its lungs a frog may live for 
some time, and it does not use them when hibernating 

The lungs arise as outgrowths of the oesophageal region 
of the gut, and are connected with the back of the mouth 
by a short laryngo-tracheal tube, whose slit-like aperture is 
the glottis. Each lung is a transparent oval sac, with 
muscle fibres in its walls. The cavity is lessened by the 
spongy nature of the internal walls, which form numerous 
little chambers bearing the fine branches of blood vessels. 

In respiration the mouth is kept shut, and air passes m 
and out through the nostrils. A frog will die of asphyxia 
if Its mouth be artificially kept open for a considerable 
time. When the floor of the mouth is lowered, and the 
buccal cavity thus increased, air passes in. When the 
nostrils and the opening of the gullet are shut, and the 
floor of the mouth at the same time raised, air is forced 
through the glottis into the lungs When the pressure on 
the lungs is relaxed, and when the muscles of the sides of 
the body contract, the air passes out. 

Excretory system. — The paired kidneys are elongated 
organs situated dorsally and posteriorly beside the urostyle. 
The waste products which they filter out of the blood pass 
backward by two ureters which open separately on the 
dorsal wall of the cloaca, and are not directly connected 
with the bladder The ureter or Wolffian duct is seen as 
a white line along the outer side of each kidney; in the 
male it functions also as the duct of the testis. On the 
ventral surface of each kidney is a longitudinal yellowish 
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Streak, the adrenal gland, and little spots mark ciliated 
apertures or nephrostomes, which remain as communica- 
tions between the abdominal cavity and the renal veins, 
though they are originally connected with the urinary 
tubules. There are also, as in higher Vertebrates, open- 
ings from the abdominal cavity into the lymphatic system. 



Fig 322 — Urogenital system of Fig. 323. — Urogenital system of 
male edible fiog — After Ecker. female frog. — Aftei Ecker. 

f b , Fatty bodies , u c f vena cava , ovd , Opening of oviduct , ov , ovary , 
Tj testis; R , kidney, w d , Wol- /b.t fatty body, K, kidney, l/t, 
fSan duct , cl., cloaca, Bl , bladder uterus, l/r., opening of ureters into 

cloaca (cl ), in front of the openings 
of the oviducts. 

Beproductive system. — The males are distinguishable 
from the females by the swollen cushions on the first fingers. 
At the breeding season in spring, they trumpet to their 
mates. The male clasps the female with his fore-limbs, 
and retains his hold for several days, fertilising the ova as 
they pass out into the water. 

The paired testes are oval yellowish bodies lying in front 
of the kidneys; the spermatozoa pass by vasa efferentia 
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through the anterior part of the kidney into the Wolffian 
duct, which functions both as a ureter and as a vas deferens. 
In the male of R. escule?ita the vas deferens is dilated for 
some distance after leaving the kidney , in R. te^nporaria 
it bears on the outer side near the cloaca a dilated glandular 
mass or ‘‘seminal vesicle In the males, rudiments of the 
Mullerian ducts are sometimes seen. In the male toad a 
small rudimentary ovary, known as Bidder’s organ, occurs 
at the anterior end of the testis 

The paired ovaries when mature are large plaited organs, 
bearing numerous follicles or sacs containing the pigmented 
ova. The spawn laid by a single frog may consist of several 
thousand eggs. The ripe ova are liberated into the body 
cavity, and moved anteriorly towards the heart, near which 
the oviducts open. The movement of the ova is mainly 
due to the action of peritoneal ciliated cells, which converge 
towards the mouths of the oviducts, but partly to muscular 
contraction, including the beating of the heart. The 
oviducts are long convoluted tubes, anteriorly^ thin-walled 
and straight, then glandular and coiled, terminally thin- 
walled and dilated. In the median part the ova are 
surrounded with jelly ; the terminal uterine parts open on 
the dorsal wall of the cloaca. In the females the Wolffian 
ducts act solely as ureters. Attached to the anterior end of 
the reproductive organs are yellow, lobed, “fatty bodies,” 
largest in the males. It has been suggested that they 
contain stores of reserve material, which is absorbed at 
certain seasons. They seem to be fatty degenerations of 
the anterior part of the genital ridges. The head kidney or 
pronephros persists for some time in the embryo, but event- 
ually degenerates. It does not seem to have anything to 
do with the fatty bodies 

Development of the frog. — The ripe ovum exhibits 
“ polar differentiation ” , its upper portion is deeply pig- 
mented, the lower has no pigment and contains much yolL 
This yolk-containmg hemisphere is the heavier, and conse- 
quently is always the lower half of the egg, however this may 
be turned about. Round the ovum there is a delicate 
vitelline membrane, and this is again surrounded by a gela- 
tinous investment which swells up in water. The formation 
of polar bodies takes place before the liberation of the eggs. 
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The spheres of jelly preserve the eggs and embryos from 
friction, prevent their being eaten by most birds, appear to 
be distasteful to Gammarids, and often enclose in their 
interspaces groups of green Algae, which help in aeration 
The spheres may also be of use in relation to the absorption 
and radiation of heat 

Fertilisation occurs immediately after the eggs are laid. 
The spermatozoa, which exhibit the usual features of male 
elements, work their way through the gelatinous envelopes, 
and one fertilises each ovum. 

The first cleavage is vertical, and divides the ovum into 
a right and a left half. If one of these two cells be punc- 
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Fig. 324 — Division of frog’s ovum. — After Ecker. 
The numbers indicate the number of cells or blastomeres 


tured, and the ovum be kept still, the other half will, 
according to Roux, form a one-sided half-embryo. At 
a certain stage Roux’s half-embryo regenerated the missing 
half, usually by re-vitahsing the remains of the cell which 
was punctured. If the ovum be shaken about after punctur- 
ing, a readjustment of material is effected, and a half-sized 
embryo is formed (Morgan) The second cleavage is also 
vertical, and at right angles to the first, dividing an anterior 
from a posterior half. The third cleavage is equatorial, at 
right angles to the first two, dividing the dorsal region from 
the ventral. 

The segmentation is total but unequal, and results in the 
formation of a ball of cells, those of the upper hemisphere 
being smaller and more numerous than the yolk-laden cells 
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below. Within there is a small segmentation cavity. Since 
the presence of yolk acts as a check on the activity of the 
protoplasm, we can understand why the smaller cells continue 
to divide much more rapidly than the large yolk-containing 
cells, and so how the smaller epiblastic cells gradually 
spread over the egg, covering in the larger ones. At one 
point, where upper and lower cells meet, a groove is 
formed. This groove represents the dorsal hp of the 
blastopore. It becomes crescentic and moves as a whole 
down over the large yolk-cells. Invagination of the small 
cells of the upper hemisphere goes on rapidly all round this 
crescentic groove, and the archenteron is thus formed. The 

horns of the crescent meet 
at a point near the lower 
pole of the egg to form 
the ventral lip of the 
blastopore. The blasto- 
pore now becomes re- 
duced, by the ingrowing 
of its margins, to a small 
circular area, which ap- 
pears white, the colour 
being due to a plug of 
yolk-cells which almost 
obliterates its opening. 
The whole egg now rotates 
backwards through a little 
more than a right angle, 
up into the position pre- 
viously occupied by the first trace of its dorsal lip. The 
blastopore now marks the posterior end of the embryo. 
The archenteron has by this time greatly enlarged, and has 
pushed the segmentation cavity almost out of existence. 
The embryo elongates slightly, but the mass of yolk-laden 
cells which lie on the floor of the gut prevents the body 
acquiring at once the fish-hke shape. 

Along the mid-dorsal line an epiblastic neural plate is 
differentiated. The edges become raised into the neural 
folds ; these approach one another, and, fusing, form the 
medullary canal. At the posterior end this communicates 
with the archenteron for a time by the neurenteric canal. 



Fig 325. — Gastrula stage of newt. — 
After Hertwig 

Epiblast; kyp , hypoblast, arch , archen- 
teron ; y , yolk-cells , s c ^ segmentation 
cavity. 


SO that the blastopore is carried 
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Internally, a differentiation of hypoblast forms the notochord 


along the mid-dorsal line of the 
archenteron. At each side of 
this lie masses of mesoblast which 
have been split off from the hypo- 
blast. Each of these divides into 
the primitive segments (proto- 
vertebrse) above, and the un- 
segmented lateral plates below. 
The lateral plates split into two 
layers, the splanchnic or inner 
investing the gut, the somatic or 
outer layer being applied to the 
epiblast ; the space between the 
two layers is the body cavity 
The body now becomes dis- 
tinctly divided into regions, the 
eyes bud out from the brain, a 
rudiment of the gills appears, 
and the larva, still within its 
gelatinous case, exhibits peculiar 
lashing movements of the tail 
Eventually, about a fortnight 
after the eggs are laid, the larva 
escapes from the surrounding 
jelly and swims in the water. At 
this stage and for some time the 
ectoderm is ciliated. There is a 
cloacal opening, but the mouth is 
not yet more than a dimple. A 
glandular crescent, often mis- 



named a sucker, lies on the Fig. 326 — Dissection of 


under surface of the head, and 
secretes a sticky slime, by means 
of which the tadpole attaches 
itself to foreign objects. The 
protruding gills soon become 
branched. There are three of 
them on each side, the first the 
largest. They are covered with 


tadpole — After Milnes 
Marshall and Bles. 

DL , Lovt er lip , H , ventricle of 
heart , DE , oesophagus , NA , 
head kidney , A , aorta ; K , 
kidney ; KU ^ ureter , DO , 
cloaca; LH , hind-limb; KV,, 
opening of ureter into cloaca , 
GR , genital ridge ; GE , fatty 
body , LE , fore-hmb ; OG , gills ; 
a, epidermis , <5, dermis 


ectoderm, and are borne on the outside of the first 
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three branchial arches. The mouth, which has pre- 
viously been merely a blind pit, opens into the gut, 
the gut itself lengthens rapidly, and becomes coiled 
like a watch-spring; the larvae feed eagerly on vegetable 
matter and increase in size. The glandular crescent forms 
two small discs, which gradually disappear as the power 
of locomotion increases. About the time when the mouth 
is opened, four gill clefts open from the pharynx to the 
exterior. 

A second period, the true tadpole stage, now begins. 
A skm-fold or operculum covers the external gills, 
which then atrophy, and are replaced by ‘‘ internal ” 
gills developed on the ventral halves of four branchial 
arches. These gills, though called internal, are covered 
with ectoderm like their predecessors, and are com- 
parable not to ordinary fish-gills, but to the external 
gills of Polypterus^ Protopterus^ and Leptdostren. The 
mouth acquires horny jaws, and the fleshy lips bear 
horny papillse. By the continued growth of the opercular 
fold the gill-chambers are closed, with the exception of 
a single exhalant aperture on the left side. Through 
this opening, the water which is taken in by the mouth 
in respiration passes outwards, having washed the gills 
on its way. 

In the third period the rudiments of the limbs appear. 
The fore-limbs are concealed within the gill-chambers, and 
so are not obvious until later ; but the hind-legs may be 
watched in the progress of development from small papillse 
to the complete limb. 

The lungs are developed as outgrowths from the oeso- 
phagus, even before hatching, but grow very slowly. 
After the appearance of the hind-legs, the larvae come to 
the surface of the water to breathe, showing that the lungs 
are now to some extent functional. At this stage the 
tadpoles, now about two months old, are at the level of 
Dipnoi. 

The changes in the relations of the blood vessels, which 
accompany the successive changes in the methods of 
respiration, and render these possible, are somewhat com- 
plicated. 

When respiration is by the gills only, the circulation 
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IS essentially that of a fish. From the two-chambered 
heart the blood is driven by afferent branchials to the 
gills ^ from these it collects in efferent vessels which 
unite on each side to form two aortse The aortas send 
arteries to the head, and passing backwards unite to 
form the single dorsal aorta which supplies the body. 
For a time there are two dorsal aortae. When the first 
set of gills IS replaced by the second set, new gill- 
capillaries are developed, but the circulation remains 
the same. As in Ceratodus, a pulmonary artery arises 
from the fourth efferent branchial. At the time when 
the hind-legs begin to be developed, a direct com- 
munication is established between afferent and efferent 
branchial vessels, so that blood can pass from the heart 
to the dorsal aorta without going through the gills. 
As the pulmonary circulation becomes increasingly 
important, the single auricle of the heart becomes 
divided into two by a septum, and the pulmonary veins 
are established. At the time of the metamorphosis an 
increasing quantity of blood avoids the gills in the manner 
indicated above, and these, being thrown out of con- 
nection with the rest of the body, soon atrophy, while 
the lungs become the important respiratory organs. The 
fate of the various branchial arteries is shown in the table 
on the following page. 

The tadpole has by this time grown large and strong, 
feeding in great part on water-weeds. Now it seems to 
fast, but the tail, which begins to break up internally, 
furnishes, with the help of phagocytes, some nourishment 
to other parts of the body. The habit becomes less 
active, the structural adaptations to the aquatic life 
disappear. “The homy jaws are thrown off; the large 
frilled lips shrink up ; the mouth loses its rounded 
suctorial form and becomes much wider, the tongue, 
previously small, increases considerably in size ; the eyes, 
which as yet have been beneath the skin, become 
exposed ; the fore-limbs appear, the left one being 
pushed through the spout-like opening of the branchial 
chamber, and the right one forcing its way through 
the opercular fold, in which it leaves a ragged hole ” 
(Marshall). 
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Skeletal 

Clefts 

Aoinic Arches 

Aortic Arches 

Arches 

IN the Embryo 

IN the Adult 

Mandibular 

Eustachian tube. 

Late m develop- 
ment vessels 
appeal which re- 
present a modifi- 
cation of those of 
a branchial arch 

Only a trace per- 
sists 

Hyoid- 

First cleft 

The aich is repie- 
sented in a less 
modified form. 

Disappeais en- 

tirely 

First branchial 

Second cleft 

First branchial arch 

Carotid aich 

Second branchial 

Third cleft 

Second ,, 

Systemic arch 

Third branchial 

Fourth cleft 

Third „ 

Atrophies 

Fourth branchial 


Fourth ,, 

Piilmo-cutaneous 


While these changes are in progress, and as the supply of 
food afforded by the tail begins to be exhausted, the tadpole 
recovers its appetite, but is now exclusively carnivorous, 
feeding on any available animal matter, or even on its 
fellows. The change is not, however, so great as it seems, 
for even at a very early stage animal food is eagerly 
devoured. 

With the change of diet, the abdomen shrinks, stomach 
and liver enlarge, the intestine becomes relatively narrower 
and shorter The tail shortens more and more, and as it 
does so the disinclination for a purely aquatic life seems to 
increase. Eventually it is completely absorbed, the hind- 
limbs lengthen, and the conversion into a frog is completed. 

In the reduction of the tail the epidermis thickens and is paitly cast, 
partly dissolved; the muscles break up, and then substance undeigoes 
intracellular digestion or is dissolved in the body juices ; the notochord 
IS repeatedly bent on itself and is also disrupted ; the same is tiue of 
nervous system and blood vessels It is a pathological process which 
has become normal. Some credit the phagocytes with playing a veiy 
important part m the reduction of the tail ; but others restrict their 
function to engulfing solid particles, such as pigment gianules, and say 
that most of the mateiial degenerates until it becomes almost liquid, 
when it passes directly into the vascular fluid 

In many respects the development of the tadpole is very 
interesting, especially because it is a modified recapitulation 
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of that transition from aquatic to aerial respiration which 
must have marked one of the most momentous epochs in 
the evolution of Vertebrates. 



ii 




Fig 327 — Life history of a frog — After Brehm 

1-3, Developing ova, 4, newh hatched forms hanging to water- 
weeds , 5, 6, stages with external gills , 7-10, tadpoles during 
emergence of limbs , ir, tadpoles with both pairs of limbs appa- 
rent , 12, metamorphosis to frog. 


Classification of Amphibia 
O lder Anura or Ecaudata 

The adults have no tail or external gills or open gill-clefts. There 
are always four limbs. , ^ , 

Sub-order Phaneioglossa.— Tongue present; the Eustachian tubes 
open separately into the pharjmx. 

Series A Arcifera (see p 584), the toothless toads [Bufo ] ; 

the tree-frogs {Hyla), with adhesive glandular discs 
on the ends of the digits ; the obstetric frog ; 

Bomhnator^ Pelobaies, and others. 

Senes B. Firmisternia (see p. 584), the frogs proper (Ranid^e), 
e g. the grass-frog [R, iemporarta), the edible 
frog [R. esadetita), the N. American bull-hog 
[R cafesham\ sometimes 8 in. in length, and 
with a sonorous croak 
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Sub-01 dei Aglossa — Tongueless ; the Eustachian tubes have a 
common median aperture into the phaiynx. The Surinam 
toad [Ptpa amerzcana), and the allied African genus 
Xefiopizs. 

Order Urodela or Caudata 

The tail persists in adult life ; the larval gills and gill-slils may also 
persist ; the limbs are weak when compared with those of Anuia, and 
the hind pair may be absent. 

Family i. Amphmmidse. — The N. Ameiican Aznpktwna, with two 
pairs of ludimentary legs, with a slit persisting in 
adult life as a lemnant of the gilled state ; Crypto- 
hranchus maxintus^ the largest living Amphibian, 
found in Japan and Thibet, attains a length of over 

3 ft 

Family 2 Salamandiidie. — Salamandra maculosa and S’ aira, both 
European, both vivipaious ; the usually oviparous 
newts — Tritozi or Molge — of which Triton alpestris 
becomes sexually mature while still larval [pczdogenesis). 
Desmognathus fusca, the common limghss watei 
salamander of the United Slates, lays its eggs m a 
wieath which the female twines round its body. The 
N. AmQncaji A mdlystoma, with its sometimes peisistent 
larval form the Axolotl, formerly thought to be a 
different species. 

Family 3. Proteid^. — Proteus and Necturus^ both with persistent 
gills. Several species of Proteus inhabit the water in 
the caves of Carinthia and Dalmatia in Austiia. The 
gills persist ; there aie two pairs of limbs The eyes are 
degenerate ; the colours are pale, as we should expect 
in cave-ammals. Two species of Necturus (or Mezio- 
branchus) occur in N. America, in riveis and lakes. 

Family 4. Sirenidse. — Two extant genera, Siren and Pseudohranchus^ 
both N American, both with persistent gills, and only 
anterior limbs. 


Order Gymnophiona or Apoda 

Worm-like or snake-like forms, subterranean m habit , without 
limbs or girdles ; with extremely short tail ; with dermic calcified 
scales concealed in transverse rows in the skin ; in at least some foims 
{Hypogeophis) external gills are present in the very young stages, but 
disappear before hatching ; there may be no larval stage ; if there is, the 
respiration is pulmonary. There are many other striking peculiarities • 
— the eyes are small, covered up, and functionless ; there is no 
tympanum or tympanic cavity , there is a peculiar protrusible 
tentacle in a pit behind the nostril; there are only two pairs of 
aortic arches (systemic and pulmonary). The notochord is largely 
persistent ; the vertebrae are amphicoelous ; the frontals are distinct 
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from the panetals ; the palatines are fused with the maxillae. The 
eggs are large and meioblastic. The> are altogether peculiar archaic 
Amphibians. Examples — C(E£iha[S Am&iicsi) ; Ichtky0j>hzs {Cey\on, 
India, Malay); Hypogeophzs (E Africa); Stplionops, without scales 
(America) 


Older Stegocephali 

Extinct forms, occuriing from Carboniferous to Triassic strata. 
The earliest known digitate animals. 

Dermal amour is present, the teeth are frequently folded in a 
complex manner (Labyrmthodonts) Mastodonsaurzis, Dendrerpeion, 
A rch egosauruSi Branchiosmtrus 


Life of Amphibians 

Most Amphibians live m or near fresh-water ponds, swamps, and 
marshes They are fatally sensitive to salt Even those adults which 
have lost all trace of gills are 
usually fond of water The tree- 
toads, such as Hyla^^ are usually 
arboreal in habit, while the 
Gymnophiona and some toads 
are subterranean 

The black salamander {Sala- 
mandra atra] of the Alps lives 
wheie pools of water are scarce, 
and instead of bringing forth 
gilled young, as its relative the 
spotted salamander (i*. maculosa) 
does, bears them as lung- 
breathers, and only a pair at a 
time. The unborn young have 
gills which are pressed against Eig 328. — Csecilian [Icktkyophis) 
the vascular wall of the uterus. with eggs — After Sarasin, 

It is said that the respiration (and 

nutrition) of the young is helped by crowds of red blood corpuscles 
which are discharged from the walls of the uterus; the debris of 
unsuccessful eggs and embryos seems also to be used for food. 

Species of Hy lodes ^ such as H. martinicenns of the West Indian 
Islands, live m regions where there are few pools. In such cases the 
development is completed within the egg-case, and a lung-breathing 
tailed larva is hatched m about fourteen days. 

In some Mexican and N, American lakes theie is an interesting 
amphibian known as Amblystoma or Szredon, It has two forms — one 
losing its gills {Amhlystoind)^ the other retaining them (Axolotl). Both 
these forms reproduce, and both may occur in the same lake. Formerly 
they were referred to different genera. But the fact that some 
Axolotls kept in the Jardm des Plantes in Pans lost their gills when 
theii surroundings were allowed to become less moist than usual, led 
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naturalists to lecognise that the two forms weie but different phases of 
one species. It has been shown repeatedly that a gilled Axolotl 
may be tiansforined into a form without gills ; and this metamorphosis 
seems to occur constantly in one of the Rocky Mountain lakes 
Abundant food and moistuie favoui the peisistence of the Axolotl stage 
Amphibians are veiy defenceless, but then colours often conceal 
them. Not a few have considerable power of colour-change. The 
secretion of the skin is often nauseous, and therefore piotective 

Many Amphibians live alone, but they usually congregate at the 
breeding seasons, when the amoious males often croak noisily Alike 
in their love and their hunger, they are most active m the twilight 
Their food usually consists of worms, insects, slugs, and othei small 
animals, but some of the larval forms aie foi a time vegetarian in diet. 
They are able to survive prolonged fasting, and many hibernate in 
the mud. Though the familiar tales of ‘Moads within stones” are for 
the most part inaccurate, there is no doubt that both frogs and toads 
can survive prolonged imprisonment. Besides having great vital 
tenacity, Amphibians have considerable power of repairing injuries to 
the tail or limbs. 

Although the life of Amphibians seems to have on an average a low 
potential, even the most sluggish wake up m connection with re- 
production The males often difier from their mates m size and colour. 
Some of their parental habits seem like strange experiments 
Thus m the Surinam toad {Pipa americana) the large eggs are 
fertilised internally and placed by the everted cloaca of the female upon 
the back, the male apparently helping in the process. The skin 
becomes much changed — doubtless in response to the strange irritation 
— and each fertilised ovum sinks into a little pocket, which is closed by 
a gelatinous hd. In these pockets the embryos develop, perhaps ab- 
sorbing some nutritive material fromAhe skin. They are hatched as 
miniature adults In Nototrema the female has a dorsal pouch of skin 
opening posteriorly, and within this tadpoles are hatched. In RJiino- 
dernia darwinii the male carries the ova in his capacious croakmg-sacs. 
In the case of the obstetric toad {Alytes obste^ncans), not uncommon in 
some parts of the Continent, the male carries the strings of ova on his 
back and about his hmd-legs, buries himself in damp earth until the 
development of the embryos is approaching completion, then plunges 
into a pool, where he is freed from his living burden. 

In the Anura the ova are fertilised by the male as they leave the 
oviduct ; in most Urodela feitilisation is internal, sometimes by approxi- 
mation of cloaccS, sometimes by means of complex spermatophores 
which the male deposits in the water close to the female. 

The eggs of the frog are laid in masses, each being surrounded by a 
globe of jelly ; those of the toad are laid m long strings j those of newts 
are fixed singly to water-plants ; those of some tree-toads, such as 
Hylodes, are laid on or under leaves in moist places. 

There are about 900 living species of Amphibia, most of them tail- 
less. All are averse to salt water, hence their absence from almost all 
oceanic islands The Anura are well-nigh cosmopolitan ; the Urodela 
are almost limited to the temperate parts of the northern hemisphere. 
History. — It is likely that Amphibians were derived from a Piscine 
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stock related to the Dipnoi and perhaps also to the Crossopterygians. 
The Stegocephali weie the first pentadactyl animals (Lower Carboni- 
ferous) Of living forms, the Gymnophiona are more old-fashioned 
than the others The modern types gradually appear in Tertiary 
times Some of the extinct forms were gigantic. 

Huxley emphasised the following affinities between Amphibians and 
Mammals — The Amphibia, like Mammals, have two condyles on the 
skull ; the pectoral girdle of Mammals is as much amphibian as it is 
sauropsidian ; the mammalian carpus is directly reducible to that of 
Amphibians. In Amphibians only does the articular element of the 
mandibular arch remain cartilaginous ; the quadrate ossification is 
small, and the squamosal extends down over it to the osseous elements 
of the mandible, thus affording easy transition to the mammalian con- 
dition of these parts But Mammals are, on the whole, more nearly 
related to Reptiles. 

There are some remarkable affinities between the Stegocephali and 
some of the extinct Reptiles, such as the Anomodonts, which in their 
turn have affinities with Mammals. 
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CHAPTER XXIV 

Class REPTILIA ' 

Chelonia, Rhynchocephalia. Lacertilia Ophidia 
Crocodilia Many Extinct Orders 

The diverse animals — Tortoises, Lizards, Snakes, Croco- 
dilians, etc. — which are classed together as Reptiles, are 
the modern representatives of those Vertebrates which first 
became independent of the water, and began to possess the 
dry land While almost all Amphibians spend at least their 
youth in the water, breathing by gills, this is not necessary 
for Reptiles, in which embryonic respiration is secured by 
a vascular foetal membrane known as the allantois. As in 
still higher Vertebrates, gill-slits are present in the embryos , 
but they are not functional, and are without gills. Reptiles 
seem to form among Vertebrates a great central assemblage, 
like ‘^worms’’ among Invertebrates, more like a number of 
classes than a single class, exhibiting close affinities with 
Birds and Mammals, and more distant affinities with 
Amphibians. 

Reptiles, Birds, and Mammals are distinguished, as 
Amniota, from Amphibians and Fishes, which are called 
Anamnia^ the terms referring to the presence or absence of 
a protective foetal membrane — the amnion — with which 
another, the allantois, is always associated. Among other 
common characters the following may be noted : — the 
generally terrestrial habit, the absence of gills, the absence 
of a conus arteriosus, the breaking up of the ventral aorta, 
the presence of twelve cranial nerves, the importance of the 
hyo-mandibular gill-cleft. 
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Some of the mam contrasts between living Reptiles and 
Birds are summarised in the following table — 


Reptiles 


The e\oskeleton consists of horny 
epidermal scales, sometimes augmented 
by bony dermal scutes 

The centra of the veitebrse are rarely 
like those of birds 

When there is a sacrum, its vertebrae 
(usually two in number) have large ex- 
panded ribs with the ends of which the 
ilia articulate 

The cartilaginous sternum may be- 
come bony, but is not replaced by 
membrane bones, unless perhaps in 
Pterodactyls 

When there is an mterclavicle or epi- 
sternum, it remains distinct from the 
clavicle and sternum 

The hand has more than three digits, 
and at least the three radial digits are 
clawed 


In living reptiles the ilia are prolonged 
farther behind than in front of the aceta- 
bulum , the pubes slope downward and 
forward , there are usually pubic and 
ischiac symphyses 


There are often five toes , the tarsals 
and the metatarsals remain distinct 


At least two aortic arches persist, 
only the Crocodilia have a structurally 
four-chambered heart , more or less 
mixed blood always goes to the pos- 
terior body 

The body has approximately the tem- 
perature of the surrounding medium* 
The optic lobes lie on the upper 
surface of the brain 


Birds 


There is an outer covering of feathers, 
and though there may be a few scales, 
there are never scutes 

The centra of the cervical veitebia; 
have usually a saddle shaped terminal 
curvature 

The two sacral vertebrae have no 
expanded iibs, they fuse with others 
to form a long composite “synsacrum ” 

The caitilaginous sternum isieplaced 
by membrane bone from several centres 


When there is an mterclavicle, it is 
confluent with the clavicles 

The hand has not more than three 
digits, and at most two digits are 
clawed The fore-Iimbs are modified 
as wings, some carpals fuse with the 
fused metacarpal s 

The ilia are gieatly prolonged in front 
of the acetabulum, the inner wall of 
which IS membranous The pubes slope 
backwards, parallel with the ischia , 
only in Siruihio is there a pubic 
symphysis, only in Rhea is there an 
ischiac one 

There are not moie than four toes , 
the proximal tarsals unite with the 
tibia, forming a tibio-taisus , the first 
metataisal if present is free, but the 
three others are fused to one another 
and to the distal tarsals, forming a 
tarso-metatarsus 

There is but one aortic arch, to the 
right , the heart is four - chambered ; 
the blood sent to the body is purely 
arteiial 

The body temperature is high and 
almost constant 

The optic lobes he on the sides of the 
brain 

The lungs have associated air-sacs 

The sutures between the bones of the 
skull are usually obliterated at an early 
stage 

The right ovary atrophies 
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Order Chelonia. Tortoises and Turtles 

General Characters — TVie bf'oad trunk is encased m 
bones which form a dorsal and a ventral shield^ within the 



Fig. 329 — External appearance of tortoise. 



Fig. 330. — Skull of turtle. 

S O , supra-occipital , PA R , parietal , FR , frontal y P F ^ pre- 
frontal; PO.F , post-frontal, SQ., squamosal, PMX , pre- 
maxilla , MX , maxilla ; jugal , 0 / , quadrat o-jugal , Q , 
quadrate; D , dentary, AN.y angular, AK,y articular, 6'., 
surangular. 

shelter of which the head and neck^ tail and limbs^ can be 
more or less retracted. The dorsal carapace is usually formed 
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thc fiatte^ied 7ienral spines (plus dermal scutes), 
(b) expanded and more or less coalesced ribs (plus costal 
dermal scutes) ] (c) a series of dermal marginal scutes around 
the outer edge. In the Athecce the dorsal vertebrae and ribs 
are not fused to the dermal plates which form the carapace. 
The ventral shield or plastron is formed of nine or so dermal 


bones. There is no sternum. 

Overlapping, but not corresponding to the bony plates, there 
are (except in Trionychia and Athecce) epidermic horny plates 
of “ tortoise shell f ivhich, though very hard, are not without 
sensitiveness, numerous nerves ending upon them. 

The quadrate is immovably united 
with the skull. There is only a 
lower temporal arcade The jaws 
are covered by a horny sheath, and 
are without teeth, though hints of 
these have been seen in some em- 
bryos, There is a single anterior 
nasal opening. The scapular arch 
IS internal to the ribs. The limbs 
are peniadactyl, but often in the 
form of paddles. 

The average life of Chelonians is 
sluggish. Perhaps this is in part 
due to the way in which the ribs 
are lost in the carapace, for this 
must tend to make respiration less 
active. The lungs are divided into 
a number of compartments. 

The cloacal aperture is usually 
longitudinal, never transverse ; the 
copulatory organ is unpaired. 

All are oviparous. The eggs have firm, usually calcareous, 
shells. 



Fig 331. — Carapace of 
tortoise — From Royal 
Scottish Museum, Edin- 
buigh 

The dark contours are those of 
the bony pieces , the lighter 
contours are those of the scales 
which have been removed 


Some Peculiarities in the Skeleton of Chelonia 

The (10) dorsal vertebras are without transverse or aiticular processes, 
and along with the ribs are for the most part immovably fused in the 
carapace. The tail and neck are the only flexible regions There aie 
two sacral veitebiae. 

The greater part of the doisal shield is due to a coalescence of eight 
ribs with eight costal plates derived from the dermis 
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Similarly, the median pieces aie the result of fusion between median 
dermal bones and the neural spines of the veitebr^'e. The plastion 
usually consists of nine dermal bones, and the three anterior pieces 
peihaps lepresent clavicles and interclavicle (or episteinum). 

The eight cervical veitebroe have at most little rudiments of ribs, are 
remarkably varied as regards their articular faces, and give the neck 
many possibilities of motion. There are no lumbar vertebr£e. 

The bones of the skull are immovably united ; there is only a lower 
temporal aicade, foimed by jugal and quadrato -jugal , there are no 
ossified alisphenoids, but downward prolongations of the large panetals 



Fig 332. — Pectoral girdle of a Cheloman. 

G , Glenoid cavity , SC , scapula , P C , procoracoid fused 
to the scapula ; C , coracoid ^ £ C , epicoracoid cartil- 
age , L , ligament 


take their place ; neither presphenoid nor orbitosphenoids aie ossified ; 
there are no distinct nasal bones in modern Chelonians, their place 
being taken by the prefrontals ; the premaxillse are very small ; there 
are no teeth. 

There is no sternum. The pectoral girdle on each side consists of a 
ventral coiacoid and a dorsal scapula attached to the carapace. The 
scapula bears an anterior process of large size, usually regarded as a 
“ precoracoid ” or procoracoid. 

The pelvic girdle consists of dorsal ilia attached to the carapace, 
posterior ischia, and anterior pubes, with pre-pubic processes and an 
epi-pubic cartilage. There is a pubic and an ischiac symphysis 

The girdles originally he in front of, or behind the ribs, but are over- 
arched by the carapace in the course of its development. 
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Some PecuhariUes m the Organs of Chelonia 

In Chelonians and m all higher animals except serpents, there aie 
twelve cranial nerves, for, in addition to the usual ten, a spinal 
accessory to cervical muscles, and a hypoglossal to the tongue, are 
ranked as the eleventh and twelfth 

The gullet of the turtle shows in great development what is hinted at 
in others, long homy papilla pointing downwards , it is piobable that 
these help to tear up the food (seaweed in the case of the turtle). 



Fig. 333. — Internal view of bones of the plastron of 
the Greek tortoise. 

MP , Epiplastron (clavicle ’) , ENT , entoplastron (niter- 
clavicle?), HYO , hyoplastron , HYPO.^ hy'^o- 
plastron , XI PHI , xiphiplastron. 

The heart is three-chambered, but an incomplete septum divides the 
ventricle into a right portion, from which the pulmonary arteiies and 
the left aortic arch arise, and a left portion, from which the right aortic 
arch issues From the right aortic arch, which contains more pure 
blood than the left, the carotid and subclavian arteries are given off. 
The left aortic arch gives off the coeliac artery before it unites with the 
right. 

The lungs are attached to the dorsal wall of the thorax, and have 
only a ventral investment of peritoneum ; each is divided into a senes 
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of compartments into which branches of the bronchus open. Theie is 
a slight muscular “ diaphragm.” The filling and emptying of the lungs 
IS helped by the protrusion and retiaction of the head and legs, but 
there are also swallowing movements ” Theie are no vocal chords, 
but there is sometimes a feeble voice 

In the males, the kidney, the epididymis, and the testes lie adjacent 



Fig. 334. — Scales on ventral surface of plastron of 
Greek tortoise. 

G , Gular , H , humeral , P , pectoral ^ A b., abdominal ; 

F , femoral ; A , anal , M , marginal 

to one another on each side. The males have a grooved penis attached 
to the anterior wall of the cloaca. There is a urinary bladder. 

Classification of Chelonia 

I. Athec/e. Vertebrae and ribs free from carapace. Skull 
without descending processes from parietals 

Sphargid^, leathery-skmned turtles, with flexible carapace Sphargis 
{Dermatochelys) coriacea, the only living species, the largest modern 
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Chelonian, somelimes measuring 6 ft. m length It is widely, but 
now spaisely, distributed in inteitiopical seas, and is said to be heibi- 
voroub. 



burgh 

H , Humerus , Sc , scapula, running dorsally , c , 
coracoid , e^c , epicoracoid , / <r , precoiacoid , 
P , pubis , tl , ilium, running dorsally , i , 
ischium , P , femur 


II Thecophora 
Dorsal vertebue and 
ribs fused in the 
carapace Parietals 
piolonged down- 
wards Including 
the following and 
other families — 

Chelonidm, marine 
tuitles, with fin-like feet, 
and partially ossified 
carapace They occur in 
intertropical seas, and 
bury then soft-shelled 
eggs on sandy shores. 
The green turtle ( Chelone 
mridis) IS much esteemed 
as food ; the hawk’s-bill 
turtle [Cautta imbrtcata) 
furnishes much of the 
commercial tortoise-shell. 

Testudmidgs, land tor- 
toises, with convex per- 
fectly ossified carapace, 
and feet adapted for 
walking They are found 
m the warmer regions of 
both the Old and the New 


World, but not in Australia. In 
diet they are vegetarian The 
common tortoise {TesUido gmca) 
and the nearly exterminated giant 
tortoises of the Mascarene and 
Galapagos Islands are good repre- 
sentatives, The latter may reach 
the age of 150 years. 

Order Rhynchocephalia 

The only living repre- 
sentative of this “class” is 
the New Zealand “Lizard^’ 
or Tuatara — Hatteria 
[Sphenodoii) punctata. Lizard- 



Fig 336. — Dissection of Chelonian 
heart. — After Huxley. 


> V , Right half of ventricle , Y , septum , 
/ zt , left half of ventricle r a ^ right 
auricle , / left auricle , I ao left 
aortic arch ^ r ao ^ n£?ht aortic arch , 
jf> a , pulmonary arch 
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like in appearance, it measures from one to two feet 
in length, has a compressed crested tail, is dull olive-green 
spotted with yellow above and whitish belo^v. It is now 
rare, but is preserved in some small islands off the New 
Zealand coast It lives in holes among the rocks or in 
small burrows, feeds on small animals, and is nocturnal m 
habit. 



P'lG 337 — Heart and associated vessels of tortoise. — After Nuhn. 

r a , Right auricle , supenor venae cavse (svc) and inferior vena 
cava (z V c) enter it rv, Right half of ventricle , pulmonary 
arteries (J> a-') and left aortic arch (/ ao ) leave it , ccel , cosliac , 
d ao , dorsal aorta I a , Left auricle \ pv y pulmonary veins 
enter it /s’., Left half of ventricle , right aortic arch (r ao ), 
giving off carotids (c ) and suhclavians (j.c/ ) 

The skull, unlike that of any lizard, has an ossified quadrato-jugal, 
and therefore a complete mfra-temporal arcade ; the quadrate is firmly 
united to pterygoid, squamosal, and quadrato-jiigal , the pteiygoids 
meet the vomer and separate the palatines ; there are teeth on the 
palatine in a single longitudinal row parallel with those on maxilla 
and mandible, and the three sets seem to wear one another awayj 
there is also a single tooth on each side of a kind of beak formed by 
the premaxillse ; the nares are divided. 

The vertebrae are amphicoelous or biconcave, as in geckos among 
lizards and in many extinct Reptiles Some of the ribs bear uncinate 
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processes, as in Birds , as in crocodiles, theie aie numeious “abdominal 
ribs,” ossifications in the subcutaneous fibrous tissue of the abdomen. 
The anterioi end of the “plastron” thus foimed overlaps the posterior 
end of the sternum. The inner ends of the clavicle rest on a median 


episternum (mterclavicle) 

The pineal or parietal eye, which i caches the skin on the top of the 
head, is less degenerate than in other animals, letainmg, foi instance, 


distinct traces of a complex letina. 



Fig. '^'58. — Hyoid apparatus of a 
Chelonian 

BH , Body of the hyoid (basihyal) , 
representing another part of the 
hyoid arch , A C , anterior cornu, 
representing the first branchial 
arch , P C y posterior cornu, repre- 
senting the second bianchial arch. 


Neai the living Sphenodon^ 
the Penman Palmhatteria^ the 
Triassic Hyperodapedoriy and 
some other important types may 
be ranked. Along with these 
may be included the remarkable 
Proterosaurus from the Permian, 
though Seeley establishes for it 
a special order — Pioterosauria, 
as distinguished from Rhyncho- 
cephaha According to Baur, 
quoted by Nicholson and 
Lydekker, “the Rhyncho- 
cephalia, together with the 
Proterosaiuia, to which they 
are closely allied, are certainly 
the most generalised group of 
all Reptiles, and come nearest, 
in many respects, to that order 
of Reptiles from which all otheis 
took their origin.” 

Order Lacertilia 
Lizards 

General Characters. 
— The body is usually well 
covered with scales. In 
most^ both fore- and hind- 
hmbs are developed and 
bear clawed digits^ but either 
pair or both pairs may be 
absent The pectoral and 


pelvic girdles are always present^ m rudmiejit at least. 


There is a sternum and a -shaped episternum, Unlihe 


snahes, lizards have non-exp ansible mouths. The maxillm^ 


palatines^ and pterygoids are fixed^ and there is usually 


a mandibular symphysis. There are almost always 
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ftiovable eyelids and external ear-openings. The teeth 
are fused to the edge or to the ridge of the jaws^ never 
planted in sockets. The tongue^ broad and short in some, 
e.g. Geckos and Iguanas, lo?ig and terminally clubbed 
in Chamceleons, is oftenest a narrow bifid organ of touch. 



Fig. 339 — Lateial view of brain of Hatteria punctata, 

— After Osawa. 

1-12, Cranial nerves , ^ , parietal eye kg ^ pineal gland , o.., optic 

lobe , c , ceiebellum , v , fourth ventricle , in , infundibulum 
and pituitary body. 

The opening of the cloaca is transverse. There is a urinary 
bladder, corresponding to that of the frog, and a double penis. 
Most are oviparous, but in a few the eggs are hatched within 
the body. They are usually active, agile animals, beautifully 
and often protec- 
tively coloured. 

The tail is ixadily 
thrown off by a 
reflex action; lost 
tails and even legs 
may be regenerated. 

The food generally Fig 340 — Hattena or Sphenodon. — After 

consists of insects, Hayek 

worms, and other small animals, but some prey upon larger 
animals, and others are vegetarian. Most are terrestricil, 
some arboreal, a few semi-a^uatic, and there is one marine 
form. Lizards are most abundant in the tropics, and are 
absent from very cold regions. 
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Description of a Lizard as a tvpe of Reptiles 

The following description applies especially to the long- 
tailed green lizard (Lacerta viridis\ found abundantly in 
Jersey, but, except m minor points, it will be found to apply 
equally to the small British grey lizard {Lacerta agilis) and 
to the viviparous lizard {Lacerta vivipara) • — 

Form and external features. — The depressed head is 
separated from the body by a distinct neck, but the 
posterior region of the body passes gradually into the 
long tail, which is often mutilated in captured specimens 
Both fore- and hmd-limbs are present, and both are fur- 
nished with five clawed digits Of the apertures of the 
body, the large mouth is terminal, the external nares are 
close to the end of the snout, and the cloacal aperture is 
a considerable transverse opening placed at the root of the 
tail. There is no external ear, but the tympanic membrane 
at either side is slightly depressed below the level of the 
skin of the head. The eyes are furnished with both upper 
and lower eyelids, and also with a nictitating membrane. 

Skin, — As contrasted with that of the frog, the skin has 
a distinct exoskeleton of epidermic scales, the external 
covering of which is shed from time to time In the head 
region these exhibit a definite arrangement characteristic 
of the species. With the presence of an exoskeleton we 
must associate the absence of the numerous cutaneous 
glands of the frog. Peculiar tubular ingrowths of epidermis 
form a row of so-called “ femoral glands,” which open by 
pores on the ventral surface of the thigh. Their product 
(debris of epidermic cells) is most obvious in the male at 
pairing time. The structure of the skin is very similar to 
that of the frog. Pigment is deposited here also in two 
layers, of which the outer is greenish, the inner black. 
Over the parietal foramen on the top of the skull the black 
pigment is absent, the green only feebly represented; in 
this region, therefore, the skin is almost transparent In 
moulting — which means casting off the outermost portions 
of the scales — there is a distension of the blood vessels and 
a great increase of blood pressure. 

Many lizards, such as the Chamoeleons, exhibit in a remarkable degree 
the power of rapidly changing the colour of their skin. This is due to 
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the fact that the protoplasm of the pigment cells contracts or expands 
iindei nervous contiol The change of coloui is sometimes advan- 
tageously protective, but it seems often to be merely a reflex symptom 
of the nervous condition of the animals 

In many cases, eg in some of the skmks, in Angias^ Heloderma^ 
there are minute dermal ossifications beneath the scales 

Skeleton. — The backbone consists of a variable number 
of vertebrae, and is divisible into cervical, dorsal, lumbar, 
sacral, and caudal regions. Except the atlas and the last 
caudal, all the vertebrae are procoelous, as in all living 
Lacertilians except Geckos 

The atlas consists of three separate pieces ; its centrum ossifies as 
usual as the odontoid piocess of the axis There are two sacral verte- 
brce with large expanded sacial ribs. To the ventral surfaces of many 
of the caudal vertebrae Y-shaped “chevron” bones are attached^ 
Across^ the centie of the caudal vertebrae there extends a median 
unossified zone , it is in this region that separation takes place when a 
startled lizard loses its tail 

The ribs are numerous, but only five reach the sternum. 

The skull is well ossified, but in the region of the nares, 
in the inLerorbital septum, etc , the primitive cartilaginous 
brain-box persists. On the dorsal surface the bones exhibit 
numerous impressions made by the epidermic scales, which 
render it difficult to distinguish the true sutures of the 
bones. As in Reptiles in general, the brain-case is small 
in comparison with the skull, and is largely covered by 
investing bones, between some of which are spaces or fossae. 

Two fused parietals with the rounded median “parietal foramen,” 
two fiontals, and the two nasals are the most important constituents of 
the roof of the skull. Anteriorly, the premaxillm appear between the 
nasals, while posteriorly the sickle-shaped squamosal is attached by a 
suture to the parietal, and is overlapped by one of the two small supra- 
temporal bones. The orbit is roofed by a series of small bones, of 
which the anterior and posterior are respectively known as pre- and post- 
frontal 

On the floor of the adult skull there is a large basal bone, composed 
of fused occipital and sphenoidal elements, and continued forward as a 
slender bar (parasphenoid). This bone gives off two stout processes, 
the basipterygoid processes, which articulate with the pterygoids Each 
pterygoid is connected posteriorly with the quadrate bone of the corre- 
sponding side, and anteriorly with the palatine. From the union of 
pterygoid and palatine, a stout os transversum or transpalatine extends 
outvi ards to the maxilla In front of the palatmes he the small vomers, 
which, in their turn, articulate with the premaxilla and maxilla, both of 
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which are fiunished with small pointed teeth In the posteiior legion 
of the skull we have still to notice the large ex-occipitals with which the 
opisthotics aie fused, and which are continued into the conspicuous 
parotic processes. The lateral walls of the bram-case aie laigely formed 
by the paired pro-otics Internally, an important bone, the epipterygoid 
or ‘‘columella” (not to be confounded with the columella oi stapes of 
the ear), extends fiom the pro-otic to the pterygoid. The orbit is 





Fig. 341. — Side view of skull of Lacerta. — After W. K Parker. 

Jjt: , Premaxilla; wjt , maxilla; /, lachrymal, 7 , jugal, i pa., 
transpalatine , , epipterygoid , , pterygoid , ipg’ , basi- 

pterygoid , 5 0 , basioccipital , g , quadrate , oc c , occipital 
condyle , sq , squamosal jpr o , pro-otic ,pt 0 , postorbital , st i, 
st 2, supratemporals , ps , presphenoid (the optic nerve is seen 
issuing in front of the end of the reference line ) , p e , mes- 
ethmoid , s ob., supraorbitals , pf , prefrontal , n , nasal , ar , 
articular ; angular ; sag , surangular , cr , coronary , d , 

. dentary. 


bounded posteriorly and mferiorly by the jugals. Theie is no ossified 
quadrate -jugal, and thus the lateral temporal fossa is open below in the 
dned skull (contrast Hatteria) The other fossae of the dried skull are 
the supra-temporal on the upper surface, and the posterior-temporal on 
the posterior surface. 

Each half of the lowei jaw is composed of six bones, which fuse in 
the adult. The two rami are sutured to one another in front, 
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Limbs and girdles. — In the shoulder-girdle, the flat 
coracoids, with an anterior precoracoid region, articulate 
with the sternum, which is represented by a cartilaginous 
plate of rhomboidal shape. Over it projects the long limb 
of the T-shaped episternum or interclavicle (a membrane 
bone), which, at the sides, is continued outwards by the 
curved clavicles. The remaining elements are the scapulae, 
which are continuous with the cartilaginous supra-scapulse. 

The fore-limbs have the usual parts In the carpus all 
the typical nine bones are represented, and there is in 
addition an accessory “pisiform” bone 

In the pelvic girdle, ilium, pubis, and ischium are repre- 
sented as usual , there are both pubic and ischiac symphyses. 

In the tarsus the fibulare and tibiale are united, and the 
distal row consists of only two bones. 

Nervous system. — The brain consists of the usual parts. 
The cerebellum is small and only partially overlaps the 
fourth ventricle. In the region of the thalamus the epiphysis 
is distinct and conspicuous, but in the adult the pineal body 
is quite separated from it, and lies in its connective tissue 
capsule below the skin. 

Alimentary system. — Small pointed teeth are present on 
the maxillte, premaxillae, palatines, and on the lower jaw. 
They are fixed without sockets inside the edge of the jaw- 
bones (pleurodont) , in many Lacertilians they are implanted 
along the ridge (acrodont). Salivary glands occur on the 
floor of the mouth cavity. The narrow gullet passes 
gradually into the muscular stomach, which again passes 
into the coiled small intestine. Near the commencement 
of the large intestine there is a small caecum. A voluminous 
liver, with a gall-bladder embedded in it, and a pancreas, 
are present as usual. 

Embedded in the mesentery below the stomach lies the 
rounded spleen. A whitish thyroid gland lies on the ventral 
surface of the trachea a short distance in front of the heart. 

Vascular system. — The heart is completely enveloped by 
the pericardium, and is three-chambered, consisting of two 
thin-walled auricles and a muscular ventricle. From the 
ventral surface of the ventricle arises the conspicuous 
truncus arteriosus, which is formed by the bases of the 
aortic arches, and exhibits a division into two parts. From 


40 
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the more ventral part arises the left aortic arch, which 
curves round to the left side, first giving off a short connect- 
ing vessel {ductus BotallU) to the carotid arch From the 
other division of the truncus arteriosus, a great arterial 
trunk arises, and this gives off the right aortic arch and the 
right and left carotid arches The right aortic arch sends a 
ductus Botalhi to the carotid arch of the right side, and then 
curves round the heart to join the left arch, the two thus 



Fig. 342. — Heart and associated vessels of a lizard 
— After Nuhn. 

A , Right auricle , jugulars (J ), subclavians {Sc.v ), and inferior 
vena cava (! F C) enter it V , ventricle , ir , truncus arteri- 
osus , I, first aortic arch giving off carotids , 2, second aortic 
arch ^ , pulmonary arteiy , Sc.a , subclavian artery , Ao , 
dorsal aorta A left auricle, pulmonary veins ) enter 
it In the lizard described, the left jugular is not developed 

forming the dorsal aorta. The carotid arches supply the head 
region with blood. From the base of the truncus arteriosus, 
the right and left pulmonary arteries also arise (Fig. 342). 

From the right aortic arch as it curves round, arise the right and left 
subclavian arteries, which carry blood to the fore-limbs. A coeliaco- 
mesentenc artery arises fiom the dorsal aorta and supplies the viscera. 
Smaller vessels are also given off to the genital organs, etc., and then at 
the anterior end of the kidneys the aorta divides into two femoral 
arteries, which break up into a network of small vessels, supplying hind- 
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hmbs and kidneys, and finally, at the posterior end of the kidneys, 
reunite to form the caudal artery, which runs down the tail. 

The blood from the anterioi region of the body is returned to the 
heart by the right and left precaval veins or superior vente cav£e. The 
right precaval is formed by the junction of external and internal 
jugulars with the subclavian vein , on the left side the jugular is absent. 
From the posterior region of the body, blood is brought back by the 
postcaval vein or inferior vena cava. The three great veins open into a 
thm-walled sinus venosus, which opens into the right auricle 

The postcaval is formed by the union of two veins which run along 
the genital organs, and receive renal veins from the kidneys. In pass- 
ing through the liver the postcaval receives important hepatic veins. 

From the tail region the blood is brought back by a caudal, which 
biforcates m the region of the kidneys into two pelvics The pelvic 
veins give off renal-portals to the kidneys, and receive the femoral and 
sciatic veins from the hind-limbs. They then unite to form the 



Fig. 343 — Lung of ChamcBleo vulgarzSy showing air-sacs. 
— ^Aftei Wiedersheim. 


epigastric or antenor abdominal, which carries blood to the liver. 
Except through the medium of the lenal -portal system, there is no 
connection between the anterior abdominal and the postcaval. To the 
liver, blood is carried as usual from the stomach, etc., by the portal 
vein 

From the lungs blood is brought to the left auricle by the pulmonary 
veins. 

There is, as usual, a lymphatic system, including a pair of lymph hearts. 

Respiratory system. — The lungs are elongated oval 
structures which taper away posteriorly. The mouth does 
not, as in the frog, play an important part in the respiratory 
movements. In some lizards (Chamseleon and Geckos) the 
lungs are prolonged in air-sacs, suggesting those of Birds 
(Fig. 343). 

Excretory system. — The paired kidneys lie in the 
extreme posterior region of the abdominal cavity, and 
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extend a little farther back than the level of the cloaca 
Each is furnished with a very short ureter In the male the 
ureters unite with the vasa deferentia ; in the female they 
open separately into the cloaca. Into the cloaca opens also 
a large thin-walled “urinary bladder’’; this is a remnant of 
the fcetal allantois, and has no functional connection with 
excretion. The urine is semi-solid, and consists largely of 
uric acid. 

Reproductive system. — In the male the testes are two 
white oval bodies suspended in a dorsal fold of mesentery. 
Along the inner surface of each runs the epididymis, which 
receives the vasa efferentia, and is continuous posteriorly 
with the vas deferens. The two vasa deferentia, after 
receiving the ureters, open by small papillse into the cloaca. 
In connection with the cloaca there is a pair of eversible 
copulatory organs, postero-lateral in position. 

In the female the ovaries occupy a similar position to 
that of the testes in the male. The oviducts open far 
forward by wide ciliated funnels, as they pass backward 
they show a gradual increase in cross-section, but there is 
no line of demarcation between oviducal and uterine 
portions. Posteriorly, the oviducts open into the cloaca. 


The right reproductive organ tends to be larger and in front of the 
left. In many of the males the Wolffian body is well developed. 
Viviparous, or what is clumsily called ovo-viviparous, parturition is 
well illustrated by Lacerta mmpara^ Angiiis fragihs, Seps, etc., but 
most lay eggs with more or less calcareous shells. In Trachydosaitrus 
and Cyclodus the embryo seems to absorb food from the wall of the 
uterus. It IS likely that Lacertilians existed in Permian ages, but their 
remains are not numerous before the Tertiary strata. 

Many instructive illustrations of evolutionary change are afforded by 
lizards Thus there are numerous gradations in the reduction of the 
limbs, from a decrease in the toes to entire absence of limbs. The 
diverse forms of tongue and the varied positions of the teeth are also 
connected by gradations. From the variations of the wall-lizaid 
{Lacerta mttraZis)j Eimer elaborated most of his theory of evolution 


Some Families of Lacertilia 

In the Geckos (Geckomdse) the vertebras are biconcave oi amphi- 
coelous, the tongue is short and fleshy, the eyelids are rudimentary, the 
teeth are pleurodont, the toes bear numerous plaits, by means of which 
they adhere to smooth surfaces, e g. Flatydactylus, 
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The Agamas (Agamidos) aie acrodont lizaids common in the Eastern 
hemisphere Examples — Agama ^ Draco ^ with the skin extended on 
long pi olongations of five or six posterior ribs ; Chlamydosaurus^ an 
Australian lizard, with a large scaled frill around the neck , Moloch^ 
another Australian form bristling with sharp spikes 

Iguanas (Iguanida?) are pleurodont lizards, represented in the 
warmer parts of the New World. Examples. — Iguana^ an arboreal 
lizard, with a large distensible dewlap , AmS/yr/iync/ms or Oreocephalus 
cristatas, a maiine lizard confined to the Galapagos Islands ; Anohs^ 
the American charaseleon, with powers of lapid colour-change ; 
Phynosoitia^ the American “horned toad,” with numerous homy 
scales, and a collar of shaip spines suggesting in mmiatuie that of 
some of the extinct Reptiles. 

The slow-worms (Anguidse) are limbless lizards, with serpentine 
body, long tail, rudimentary giidles and sternum. The Bntish species, 
A?ig2izs fragihs^ is neither blind nor poisonous ; the tail breaks veiy 
readily ; the young are hatched within the mother 

The poisonous Mexican lizard {Helodenna suspectitm) measures over 
a foot in length, and is coveied with bead-like scales 

The Varanidoe are large carnivorous forms, most at home in Africa, 
but represented also in Asia and Austialia. The Monitor of the Nile, 
Varanus mloiutts, may attain a length of 5 01 6 ft. , and is noteworthy 
because of its fondness for the eggs and young of Crocodiles. 

The Amphisbsemdse are degenerate subteiranean lizards, without 
limbs, with rudimentary girdles, with no sternum, with small covered 
eyes, with hardly any scales. 

The Lacertidse are Old World pleuiodont lizards, such as Psetidopus 
(Europe and S. Asia) and Lacerta vtrtdts, the green lizard of Jersey and 
S Europe 

The Chamoeleons (Chamseleontid^) are very divergent lizards, 
mostly African. There is one genus, Chamesleo The head and the 
body are compressed ; the scales are minute , the eyes are very large 
and separately movable, with circulai eyelids pierced by a hole ; the 
tympanum is hidden ; the tongue is club-shaped and viscid ; the 
digits are divided into two sets, and well adapted for prehension ; the 
tail IS prehensile ,* the power of colour-change is remarkably 
developed. 

The Chamaileons exhibit numeious anatomical peculiarities As in 
the Amphisbsenas, there is no epipterygoid. The pterygoid does not 
diiectly articulate with the quadrate, which is ankylosed to the adjacent 
bones of the skull 


Order Ophidia. Serpents or Snakes 

The elongated limbless form of snakes seems at first sight 
almost enough to define this order from other Reptiles, but 
it must be carefully noticed that there are limbless Lizards, 
limbless Amphibians, and limbless Fishes, which resemble 
snakes in shape though they are very different in internal 
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Structure. For the external shape is in great part an adapta- 
tion to the mode of life, to the habit of creeping through 
crevices or among obstacles. But the limblessness of 
serpents is not a merely superficial abortion ] there is no 
pectoral girdle nor sternum, and never more than a hint of 
a pelvis. 

General Characters. — The skt7i is covered with scales^ 
and the outermost epiderfjial layer is periodically shed in 
a continuous slough. 

There are never any hints of anterior appendages^ girdles^ 



Fig. 344. — Antenor view of 
Python’s vertebra. 

JV.SP , neural spine , ZS , zygo~ 
sphene (a projecting wedge), PP Z , 
pre-zygapophysis (smooth articular 
surface seen from above), P , 
articulation-surface for a rib , HV , 
bypapophysis 



Fig. 345 — Postenoi view of 
Python’s vertebra. 

ZA , zygantrum, a double cavity 
for the zygobphene, PPZ^ post- 
zygapophysis (smooth articular 
surface seen from below) , T P ^ 
transverse process , C , centrum. 


sternum^ or episternum ^ but in pythons^ boas, and a few 
others, there are rudiments of a pelvis, and even small clawed 
structures which represent hind-legs. 

The mouth is expansible , maxilla, palatines, pterygoids, 
and quadrates are movable , and the rami of the mandible 
are connected only by elastic ligament. The teeth are fused to 
the jaws y there are no movable eyelids. Snakes have no 
external ear openings nor drum, nor tympanic cavity, nor 
Eustachian tube. The nostrils lie near the tip of the 
head. 
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The bifid, mobile, retractile tongue is a specialised orga?i of 
touch. In the 7nouth there is often a poi:>on gland, which is a 
specialised salivary gland. 

There are many peculiarities in the skeleton. The numerous 
vertebrce are all proccelous. 

The brain has only ten nerves. 

The heart is three chambered, the ventricular septum being 
incomplete, as in all Reptiles except Crocodiliaiis. 

There is a transverse cloacal aperture. In the males a 
double saccular and spiny copulatory organ is et'ersible from 
the cloaca. 

Snakes are widely distributed, hut are most abundant in 
the tropics. 



7I 

Fig. 346 — Snake’s head, — After Nuhn. 

dv , Poison fangs , b , sheath of fang , I , tongue , rl , muscles ot 
tongue 

General notes on snakes. — Snakes, especially when 
poisonous, are often brightly coloured. The scales on the 
head form large plates, and those on the ventral surface are 
transverse shields. In many cases there are odoriferous 
glands near the cloacal aperture. 

The muscular system is very highly developed, and the 
limbless serpent, Owen says, “can outclimb the monkey, 
outswim the fish, outleap the zebra, outwrestle the athlete, 
and crush the tiger.” 

The vertebrae are very numerous, some pythons having 
four hundred ; they are proccelous, and are distinguishable 
only into a pre-caudal and caudal series. 

All the pre-caudal vertebrae except the first — the atlas — 
have associated ribs, which are movably articulated, and 
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used as limbs in locomotion, being attached to the large 
ventral scales which grip the ground. In the caudal region 
the transverse processes, which are elsewhere very small, 
take the place of ribs. 

One of the most distinctive characteristics of the skull 
is the mobility of some of the bones. Many of the Ophidians 
swallow animals which are larger than the normal size of 
the mouth and throat The mobility of the skull bones is 
an adaptation to this habit Thus the rami of the mandible 
are united by an elastic ligament , the quadrates and the 
squamosals are also movable, forming ‘‘a kind of jointed 
lever, the straightening of which permits of the separation 
of the mandibles from the base of the skull.” The nasal 
region may also be movable. On the other hand, the 
bones of the brain-case proper are firmly united. The 
premaxillse are very small and rarely bear teeth ; the 
palatines are usually connected with the maxillae by trans- 
verse bones, and through the pterygoids with the movable 
quadrates. 

Teeth, fused to the bones which bear them, occur on the 
dentaries beneath, and above on the maxilla, palatines, 
and pterygoids, and very rarely on the preniaxillae. The 
fang-like teeth of venomous serpents are borne by the 
maxillse, and are few in number. Each fang has a groove 
or canal down which the poison flows When the functional 
fangs are broken, they are replaced by reserve fangs which 
he behind them. In the egg-eating African Dasypeltis the 
teeth are rudimentary, but the inferior spines of some of 
the anterior vertebras project on the dorsal wall of the 
gullet, and serve to break the egg-shells. 

When a venomous snake strikes, the mandible is lowered, 
the distal end of the quadrate is thrust forward (this pushes 
forward the pterygoid), the pterygo-palatine joint is bent, the 
maxilla is rotated on its lachrymal joint, the fangs borne by 
the maxilla are erected into a vertical position, the poison 
gland is compressed by a muscle, and the venom is forced 
through the fang. 

Some of the peculiarities in the internal organs of Ophidia 
may be connected with the elongated and narrow shape of 
the body. Thus one lung, usually the left, is always smaller 
than its neighbour, or only one is developed; the liver 
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Fig. 347. — Skull of grass-snake. — From W K. Parker. 

Dorbal surface— , premaxilla , , maxilla ; an , external nostril , n , nasal , oL, 

nasal cartilages , ^/I, prefronto-Iachrymal , ^ , parietal , _/, frontal ; palatine , 
/ ^a , transpalatine ; , pterygoid , pro , pro-otic , , epiotic ; op , opistliotic , 

so , supraoccipital , eo , exoccipital ; ar , articular , s a£ ^ surangular , , angular ; 

d , dentary , ^ , quadrate, , squamosal B, Ventral surface-^-r., premaxilla, ol , 
nasal cartilage, , maxilla , v , vomer, jSa , palatine,^ , parasphenoid;yi, frontal , 
prefrontal,/^ , pterygoid, &s ,basisphenoid, als ,aiisphenoid, 5 o ,basioccipital, 
oc c , occipital condyle , eo , exoccipital ; quadrate , ar , articular , ag-^, angular , 
r ag , surangular , cr , coronary , sp , splenial , d , dentary ; op , opisthotic region 
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IS much elongated; the kidneys are not opposite one 
another. 

The poison is useful in defence, and in killing the prey, 
which is always swallowed whole. It is interesting to notice 
a recent discovery, requiring amplification, that the bile of 
a poisonous snake is an antidote to its venom 

The British adder [Pehas bet^is) is viviparous, and so aie a few 
others The great majority are oviparous, but confinement and 
abnormal conditions may make oviparous forms, like the Boa co7i- 
strictor and the British grass-snake ( Tropdonotus natnx)^ viviparous. 
The female python incubates its eggs 

Many Ophidians become lethargic during extremes of temperature, 
or after a heavy meal. 

Snakes are especially abundant in the tropics, but occur in most 
parts of the world They are absent from many islands ; thus there 
are none in New Zealand, and we all know that there are no snakes 
in Iceland Most are terrestrial, but not a few readily take to the 
water, and there are many habitual sea-serpents. 

The serpent still bites the heel of progressive man, the number of 
deaths from snake-bite in India alone amounting to many thousands 
yearly. 

True Ophidians first occur in Tertiary strata 


So7ne Examples of Ophtdta 

Typhlopidre. The lowest and most divergent Ophidians, occuning 
in most of the warmer parts of the earth, generally smaller than 
earthworms, usually subterranean burrowers, with eyes hidden 
under scales, with a non-distensible mouth, with teeth restricted 
either to the upper or to the lower jaw ‘‘The palatine bones 
meet, or nearly meet, in the base of the skull, and their long axes 
are transverse , there is no transverse bone ; the pterygoids are not 
connected with the quadrates ” The quadrate articulates with the 
pro-otic, for there is no squamosal. 

Example. — Typhlops^ very widely distributed. 

In other Ophidians the palatines are widely separated, and their 
long axes are longitudinal ; there are transverse bones connecting 
palatines and maxillae , the pterygoids are connected with the 
quadrates 

In innocuous snakes the poison gland is not developed as such ; the 
maxillary teeth are not grooved. 

Examples. — The Bntish smooth snake {Coronella Icsms) the 
British grass - snake ( Tropidonottis natrix) ; the Pythons ; 
the Boas, of which the Anaconda {Boa nmri7ta) (30 feet) is 
the largest living Ophidian. 

In venomous snakes some of the maxillary teeth are grooved, and in 
the most venomous the groove becomes a canal open at both ends. 
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Examples — Cobras, Naja t 7 ‘ipudians (Indian), Naja haje 
(African) , the Hamadryad {Ophtophagiis elaps), eating 
othei snakes ; Coral - snakes [Elaps^ etc ) , Sea - snakes 
{Hy drop Jus, etc.), with paddle-shaped tails The British 
adder [Pehas bents) ; the rattlesnake [Crotalus), with a rattle 
formed chiefly from epidermic lemnants of successive slough- 
ings , the African Pufcadder {Clotho aneta7is). 


Order Crocodilia. Crocodiles, Alligators, Gavials 


General Characters — The 
Crocodiha?is are carnivorous 
fresh-water reptiles of large stse, 
now represented by a few genera^ 
e.g. Crocodiliis, Alligator, and 
Gavialis. 

The skin bears epidermic scales^ 
underneath some of which there 
are dermic bones or scutes. 

The tail is laterally compressed^ 
and assists in swimming. 

Teeth occur in distinct sockets 
in the premaxillce^ maxtllce^ and 
dentaries 

In modern CrocodzlianSj almost 
all the vertebrce are procoelous. 

The skull has many charac- 
teristic features^ such as the union 
of maxillm,^ palatines^ and ptery- 
goids in the middle line on the 
roof of the mouth,^ and the conse- 
quent shunting of the posterior 
nares to the very back of the 
mouth. 



Fig 348. — Lower surface of 
skull of a young crocodile. 


p Premaxilla , mx , maxilla , 
paJL , palatine , o i ^ os trans- 
versum , pi.^ pterygoid , jugal , 
Qj ,quadrato-jugal , Q , quadrate , 
p n , posterior nares ; c , condyle 


Some of the ribs have double articulating heads,, and bear 
small uncinate processes ^ transverse ossifications form so- 
called abdominal ribs. 


The heart is four - chambered , a muscular diaphragm 
partially separates the thoracic from the abdominal cavity. 

The cloaccThas a longitudinal opening. The males have 
a grooved penis. 
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The Crocodihans are oviparous. The eggs have firm cal- 
careous shells^ and are laid tn holes in the ground. 


Skeletal system. — Numerous transverse lows of sculptured bony 
plates or scutes, ossified in the dermis, form a dorsal shield. On the 
ventral surface the scutes are absent, except in some alligators, m 
which they are partially ossified. But besides and above the scutes, 
theie are horny epidermic scales like those m other Reptiles The hide 
is often used as leather. 

The vertebral column 



consists of distinct cer- 
vical, doisal, lumbar, 
sacral, and caudal verte- 
brae, all procoelous except 
the first two cervicals, 
the two sacrals, and the 
first caudal In most 
of the pie-cretaceous 
Crocodihans, however, 
the vertebrae were amphi- 
ccelous The centra of 
the vertebrae are united 
by fibro-caitilages, and 
the sutures between the 
neural arch and the cen- 
trum persist at least for 
a long time. Chevron 
bones are formed beneath 
the centra of many of 
the caudal vertebrae. 

Many of the ribs have 
two heads — capitulum 
and tubeicle — by which 
they articulate with the 
vertebrte. From seven 
to nine of the anterior 


Fig. 349. — Cervical vertebra of crocodile. 

N.S , Neural spine , F A , posterior articular pro- 
cess , A A , anterior articular process ; C.F , 
cervical rib , C , procoelous centrum 


dorsal ribs aie connected 
with the sternum by 
sternal ribs, and from 
several of these anterior 
ribs cartilaginous or par- 


tially ossified uncinate processes pioject backwards. The so-called 
abdominal ribs have nothing to do with ribs, but are ossifications m 


the fibrous tissue which lies under the skin and above the muscles 


They form seven transverse series, each composed of seveial ossicles. 

As to the skull, theie is an mterorbital septum with large alisphenoids ,* 
the presphenoid and orbitosphenoids are at best incompletely ossified , 
all the bones are firmly united by persistent sutures , both upper 
and lower temporal arcades are completely ossified , the maxillse, the 
palatines, and the pterygoids meet in the middle line of the roof of 
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the mouth, covering the vomers, and determining the position of the 
posterior nares — at the very back of the mouth , an 03 transversum or 
transpalatine extends between the maxilla and the junction of palatine 
and pterygoid ; a postorbital rod (epipterygoid or columella) is formed 
by a downward piocess of the postfrontal meeting an upward process 
from the jugal ; the quadrate is laige and immovable , there are large 



y 

Fig. 350 — Crocodile’s skull from dorsal surface. 


p vtx , Premaxilla , jnx , maxilla, lachrymal, pr.f.^ prefron- 
tal, y, jugal, /y, postfrontal; qj^ quadrato-jugal ; y, 
quadrate , sq , squamosal , , parietal , epf , epipterygoid , 

Y , frontal , pT pterygoid (on lower surface) , o t , os trans- 
versum (on lower surface) , n , nasal. 

parotic piocesses ; the tympanic cavity is completely bounded by bone ; 
the teeth, which are borne by premaxillte, maxillae, and dentaries, are 
lodged in distinct cavities ; beside and eventually beneath the teeth lie 
reserve “germs ” of others. 

Each ramus of the mandible consists, as in most Reptiles, of a 
cartilage bone — the articular — working on the quadrate, and five 
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membiane bones — dentary, splenial, coronoid, angular, and sur- 
angular 

The hyoid region is very simple 

The pectoral arch includes a doisal scapula and a ventral coracoid 
(with a characteristic foramen) ; there are no clavicles, the epicoracoids 
are thin strips between the vential ends of the coracoids and the front 
of the sternum ; there is an episternum ; the fore-limb is well though 
not stiongly developed ; there aie five digits, webbed and clawed 

In the pelvic arch, large iha are united to the strong iibs of the two 
sacral vertebrae the pubes, or more strictly the epipubes, slope for- 
ward and inward, and have a cartilaginous symphysis , the ischia slope 



Fig. 351. — Pectoral giidle of crocodile. 

sc , Scapula , gl c., glenoid cavity ; co.^ coracoid , c/, coracoid 
foramen , t cl ^ episternum 


back^\ard and have a symphysis , ilia and ischia foim almost the whole 
of the acetabulum, a small part being occupied by the true pubes. The 
hmd-limbs bear four digits, webbed and clawed. 

Organs of Orocodilians. — The Crocodilians are seen to best 
advantage in the water, swimming by powerful tail-strokes The limbs 
are too weak for very effective locomotion on land, the body diags 
on the ground, and the animals are stiff-necked. Although many, 
especially in their youth, feed on fishes and small animals, the larger 
forms lurk by the edge of the water, lying in wait for mammals of 
considerable size. These they grasp in their extremely powerful jaws, 
and drown by holding them under water. If the dead booty cannot 
be readily torn, it is often buried and left until it begins to rot. In 
connection with their way of feeding, we should notice several 
peculiarities of structure ; the nostrils are at the upper end of the 
snout, and the eyes and ears are also near the upper surface, so that 
the Crocodilians can breathe, see, and hear while the body is alto- 
gether immersed except the upper surface of the head ; the nostrils can 
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be closed by valves, and the eyes by tiansparent third eyelids, and 
the ears by movable flaps, so that the head can be comfortably im- 
mersed ; a flat tongue is fixed to the floor of the mouth, and the 
cavity of the mouth is bounded behind by two soft transverse mem- 
branes, which, meeting when the leptile is di owning its prey, pre- 
vent water rushing down the gullet , the posterior opening of the nostrils 
is situated at the very back of the mouth, and when the booty is being 
drowned, the Crocodilian keeps the tip of its snout above water, the 
glottis is pushed forward to meet the posteiior nares, a complete channel 
for the passage of air is thus established, and respiration can go on un- 
impeded. For their shore work the Crocodilians prefer the darkness, 
but they often float basking in the sun, with only the Lip of the snout 
and the ridge of the back exposed 

Glands with a secretion which smells like musk are usually developed 
on the margin of the lower jaw, at the side of the cloacal aperture, 
and on the posterior margins of the dorsal scutes. The musky odour 
is very strong during the pairing 
season, and when the animals are 
attacked 

In connection with the muscular 
system, the presence of what is 
often called an incipient diaphragm 
between the thoracic and the ab- 
dominal cavity IS of interest ‘ 

The brain seems very small in 
relation to the size of the skull. 

The eyes are provided with a 
third eyelid, as in most Reptiles, 

Buds, and Mammals , there are 
large lachrymal glands, but there 
IS no special deceitfulness about 
“ crocodile’s tears.” 

The ears open by horizontal 
slits, over which lies a flap of 
skin ; three Eustachian passages — 
one median and one on each side — 
open into the mouth behind the posterior nares 

The nostrils also can be closed, and, as we have already noticed, 
their internal opening lies at the back of the mouth. 

The stomach suggests a bird’s gizzard, for it has strong muscular 
walls, and its pyloric end is twisted upwaid so as to he near the cardiac 
part. 

The heart is four-chambered, the septum between the ventricles being 
complete, as in Birds and Mammals. But as the dorsal aorta is formed 
from the union of a left aortic arch containing venous blood, and a 
right aortic arch containing arterial blood, the blood which is driven to 
many parts of the body is “mixed blood,” i e, blood partly venous, 
partly arterial, with some of its red blood corpuscles carrjnng hsemo- 
globin and others oxyhmmoglobin. At the roots of the two aortic 
arches there is a minute communication between them — the foramen 
Panizzse. 



Fig 352. — Half of the pelvic 
girdle of a young crocodile. 

//, Ilium, af.^ acetabulum, Is, 
ischium , P., pubis or epipubis 
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Into the light aiiucle venous blood is brought by the two superior 
venoe cavje and by the inferior vena cava The blood passes through 
a valved aperture into the light ventiicle, and is driven thence — {a) by 
the pulmonary arteiy to either lung, or {h) by the left aoitic arch to 
the body From this left aortic arch, before it unites with its fellow 
on the right to form the dorsal aorta, is given off the great coeliac 
artery The anteiior visceia thus receive wholly venous blood fiom 
the heart 

The blood driven to the lungs is puiified there, and returns by pul- 
monary veins to the left auncle. Thence it passes through a valved 
aperture into the left ventricle Thence it is driven into the right aortic 
arch From this the carotids to the head and the subclavians to the 
fore -limbs are given off These parts of the body thus receive wholly 
arterial blood from the heart 

The venous blood returning from the posterior regions may pass 
through the kidneys m a renal-portal system, and thence into the 
inferior vena cava , or it may pass thiough the liver m a hepatic-poital 
system, and thence by hepatic veins into the inferior vena cava ; or some 
of it may pass directly into the inferior vena cava. The renal-portal 
veins arise from a transverse vessel uniting the two branches of the 
caudal, but the latter are also continued forward as lateial epigastrics 
which enter the liver 

The temperature of the blood is not above that of the surrounding 
medium. 

In regard to the respiratory system, we should notice that the lungs 
are invested by pleuial sacs, as is the case in Mammals 

The ureters of the kidneys, the vasa deferentia from the testes in the 
male, the oviducts from the ovaries in the female, open into the cloaca, 
which has a longitudinal opening The penis is on the anterior surface 
of the cloaca 

The eggs, which in size are like those ot geese, have a thin calcareous 
shell, are buried in excavated hollows, and, warmed by the sun, hatch 
without incubation. 

Of one species of crocodile it is known that the mothei opens up the 
nest when the young, ready to be hatched, are heaid to cry fiom 
within the eggs The mothers take some care of the young, which 
require to be defended even from the appetite of the males. 

Crocodiles are relatively sluggish, and fond of basking passively, 
sometimes hiding in the mud during the hot season They are remark- 
able for the long continuance of growth, which does not seem to have 
so definite a limit as in most other animals. 


Classification of Crocodilia 

[a] The true Crocodiles, of the genus Crocodilus^ occur m Afiica, 
Southern Asia, tropical Australia, Central America, and the West 
Indies. 

The Indian crocodile (C. porosus) may measure about 18 ft. in 
length, and even larger forms have been recorded. The sacred African 
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crocodile {C vulgaris) is still formidably common in some of the 
fresh waters of tropical Afiica. 

The eggs and the young are often eaten by a mammal called the 
Ichneumon, and by a species of lizard. The adults have few enemies 
except man They seem to live in friendly partnership with little 
birds {Pluvianus cBgyptuus)^ which remove parasites fiom the body, and 
in their familiarity almost justify the account which Herodotus gives of 
their cleaning the reptile’s teeth, 

[b) The Alligators, of the genus Alligator^ are, with the exception of 
one Chinese species, confined to N and S America. In N. America, 
A mississippzeiisis, in S America A sclerops, is common. 

{c) The Gavials or Gharials, of the genus Gaviahs^ are distinguished 
by their long nairow snout. In the Ganges and its tributaries, G 
gangeticus^ said to attain a length of 20 ft. , is common. They feed 
chiefly on fishes. “ Old males have a laige cartilaginous hump on the 
extremity of the snout, containing a small cavity for the retention 
of the air, by which means these individuals are enabled to remain 
under water for a longer time than females or young.” 


DIFFERENCES BETWEEN CROCODILES, ALLIGATORS, 
AND GAVIALS 


Alligators. 

Crocodiles 

Gavials 

The head is short and 
broad 

Longer. 

The snout is very long. 

First and fourth lower 

The first bites into a 

First and fourth lower 

teeth bite into pits m the 

pit , the fourth into a 

teeth bite into grooves m 

upper jaw 

groove 

the upper jaw. 

The union of the two 
rami of the lower jaw does 
not extend bejond the 
fifth tooth 

Not beyond the eighth. 

1 

1 

The union extends at 
least to the fourteenth 

The nasal bones form 
part of the nasal aperture 

As in the alligator. 

The nasal bones do not 
form part of the nasal 
aperture. 

The teeth are veiy un- 
equal 

The scutes on the neck 
are distinct from those on 
the back. 

' Unequal 

[ 

Almost equal. 

Sometimes distinct, 

' sometimes continuous 

Continuous 


History of Crocodilians.^ — ^These giant reptiles form a decadent 
stock. Fossil forms are found in Triassic strata [e g Belodon, Para- 
suchus^ and Stagonoleph) ; their remains are abundant in Jurassic rocks 
In Cretaceous strata, crocodilians with proccelous vertebrae first occur, 
the pie-Cietaceous forms havmg centra of the amphiccetous type. 
The oldest crocodilians have the posterior nares situated farther for- 
ward, behind the palatines. Huxley has worked out an “almost 
unbroken ” senes from the ancient Triassic crocodilians down to those 
of to-day, 

41 
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Development of Reptiles 


The ovum contains much yolk, at one pole of which there is a small 
quantity of formative protoplasm surrounding the germinal vesicle. 
The segmentation is necessaiily meroblastic and discoidal, as in 
Birds. 


The segmented area 01 blastoderm, originally at one pole, giadually 
grows round the yolk. The cential legion of the dorsal blastoderm 
IS separated fiom the yolk by a 
shallow space filled with fluid, and 
pp is clearer than the lest of the blas- 

^ ‘ toderm In this central region or 

IQc ^ aiea pellucida, the geiminal layeis and 

subsequently the paits of the embryo 
established, while the rest of the 
I blastoderm — the aiea opaca — simply 



forms a sac round the yolk One of 
the fiist signs of development is the 
appeal ance of a thickened band of cells 
extending forward in the middle line from 
the posterior margin of the aiea pellucida. 
This band is called the primitive streak, 
and seems to represent a fusion of the two 
edges of the blastodei m behind the future 
embryonic region. The embryo develops 
in fiont of the primitive streak, and one 
of the first signs of its development is the 
formation of a primitive or medullary 
groove in a line with the primitive streak 
As development proceeds, folds appear 
around the embryo, constricting it off 
from the subjacent yolk or yolk-sac 



It IS with Reptiles that the series of 
higher Vertebrates or Aminota begins. 

Fig. 353. — Origin of amnion and 
allantois. — After Balfour. 

1 Rise of amniotic folds {a f) around embryo (e) , 

/ ^ , pleuro-pentoneal cavity , y , yolk 

2 Further growth of animotic folds (a p) over 

embryo and around yolk 

3 Fusion of amniotic folds above embryo , , 

amnion proper ; s z m , subronal membrane , 
y s , yolk-sac. 

4 Outgrowth of allantois («/), amniotic cavity 

(a ) , // , head end ; t , tail end. 

5 Complete enclosure and reduction of yolk-sac 

(y s)', s.z 7 n , sub?onal membrane , , 

amnion proper , al , allantois , ^ , gut of 
embryo. 
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It IS heie that the fcetal membranes known as amnion and allantois 
are first formed 

{a) The Ammon . — At an early stage in development the head end of 
the embryo seems to sink into the subjacent yolk A semilunar fold of 
the blastoderm j including epiblast and mesoblast, rises up in front. 
Similar folds appear laterally. All the folds increase in size, arch up- 
wards, and unite above, foiming a dome over the embryo. Each of 
these folds is double ; the inner limbs unite to form the tnie amnion ” ; 
the outer limbs unite to form “the false amnion,” “ serous membrane,” 
or subzonal membrane The cavity bounded by the true amnion 
contains an ammotic fluid bathing the outer surface of the embryo ; 
the cavity between the true and the false amnion is lined by mesoblast, 
and IS continuous with the pleuro-peritoneal or body cavity of the 
embryo The ammotic folds extend not only over the embryo, but 
ventrally around the yolk-sac, which they completely invest 

{b) The Allantois . — While the amnion is being formed, a sac grows out 
from the hind end of the embryonic gut This is the allantois lined 
internally by hypoblast, externally by mesoblast. It rapidly insinuates 
Itself between the two limbs of the amnion, eventually surrounding both 
embryo and yolk-sac. 

The amnion is a protective membrane, foiming a kind of water-bag 
around the embryo 

The allantoic sac is vascular, and has respiratory and perhaps also 
some yolk-absorbing functions It seems to be homologous with the 
outgrowth which forms the cloacal bladder of Amphibians ; it has been 
called “a precociously developed urinary bladder ” 

Before the amnion is developed, the heavy head end of the embryo 
has already sunk into a depression (in Lizards, Chelomans, Birds (>), 
and Mammals), and is surrounded by a modification of the head fold 
termed the pro-amnion. This does not include any mesoblast, and is 
afterwards replaced by the amnion 

Hints of a placenta before Mammals . — As will be explained aftei- 
wards, the placenta, which characterises most Mammals, is an organic 
connection between mother and unborn young. Its embryonic part is 
chiefly formed from a union of the serous or subzonal membrane and 
the allantois, but in some cases the yolk-sac and the subzonal membrane 
form a provisional placenta. The placenta establishes a vital union 
between the embryo and the mother. 

Now it is interesting to notice that there are some hints of placental 
connection in animals which are much lower than Mammals In 
some species of Musielus and Canhanas there is a connection between 
the yolk-sac and the wall of the uterus ; in the Teleostean Anableps 
the yolk-sac has small absorbing outgrowths or villi; in Trachydosauoms 
and Cyclodiis among Lizards, the vascular yolk-sac is separated from 
the wall of the uterus “only by the porous and friable rudiment of the 
egg-shell ; in Clemmys among Chelonians, there is an absorbing pro- 
trusion of the foetal membranes. In Birds also, small villi of the yolk- 
sac absorb yolk, and others on the allantois absorb albumen.” (See 
A. C. Hadden’s Embryology . ) 
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Extmd Reptiles 

The first known occurrence of fossil Reptiles is in Permian 
strata ; in the Trias most of the orders or classes are repre- 
sented ; while the “ golden age ’’ of the group was un- 
doubtedly during Jurassic and Cretaceous times. 

Some of the modern Reptiles are linked by a series of 
fine gradations to very ancient progenitors, — the Crocodiles 
of to-day lead back to those of the Trias, the New Zealand 
Hatteria to the Triassic Rhynchocephalia , but we have no 
example of a Reptilian genus which has persisted from age 
to age as Ceratodus has done among Fishes. Among the 
fossil forms we find ‘‘generalised’' types, which exhibit 
affinities with groups which in our classification of recent 
forms may be very widely separated. 

The following types of extinct reptiles seem to have 
entirely disappeared — 

TheromorJ)ha,^'Liz2.x6.-\!k.ei terrestrial animals with limbs adapted 
for walking, found in the Peimian and Trias. The group shows a 
remarkable combination of reptilian and mammalian characters. In 
illustration of reptilian chaiacteis we may note the pineal foramen, the 
complex lower jaw, usually articulating with a firmly fixed quadrate, the 
usual presence of pre- and post- fiontals Mammalian features are 
illustrated in some types by the differentiation of the teeth into incisors, 
canines, and molars ; by a single temporal arcade like a zygomatic 
arch ; by the way the limbs raise the body off the ground , by the union 
of the pelvic bones into an os mnominatum (pubes and ischia forming a 
stout ventral symphysis) , by the reduction of the quadrate ; by the 
share the squamosal may take in forming the articulation for the 
lower jaw. 

Examples. — Paretos anrus, Duynodon, Elgima 

Plesiosauria. — ^Amphibious and marine reptiles represented from the 
Trias to the Chalk, without exoskeleton, usually with a long neck and 
short tail. The skull has a single bioad temporal arcade, pterygoids 
meeting in the middle line, fixed quadiates, and a pineal foiamen. 
There are strongly developed pectoral and pelvic girdles. The limbs 
vary ; in the earlier, moie generalised, forms they are adapted for 
walking on land; but in the more specialised types they are modified 
into powerful paddles, like those of Chelonia. The nearest affinities 
are with the Chelonia. Nothosanriis had limbs adapted for progression 
on land ; Plesiosaurus^ (40 ft in length) and Phosaurus weie carni- 
vorous forms adapted to an aquatic life 

Ichthyosauria. — Large marine carnivorous Reptiles, represented 
from the Trias to the Chalk, with tapering body like that of a shark, 
large dorsal and caudal fins, and two pairs of paddle-like limbs. In 
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the paddle the number of digits may be more than five, and the 
phalanges of each digit are often veiy numerous The pectoral arch 
consists of coracoids, scapulce, clavicles, and a T-shaped epistemum, 
but there is no sternum. The skull has a long tapeimg lostrum, large 
orbits, a laige paiietal foramen, and usually sharp conical teeth in a 
continuous gioove. The vertebroe aie deeply amphicoelous. There 
was no deimal armoui. The length of the body is sometimes 30 to 
40 ft. Some species weie vivipaious 

Examples. — Ichthyosatt 7 us^ Ophthabnosaiu us 

Pythonomorpha — These strange Cietaceous Reptiles should prob- 
ably be placed neai the Laceitilia and the Rhynchocephaha They 
are specially chaiacterised by the enoimous elongation of the body, 
which sometimes reached a length of 75 to 80 ft. The skull is like 
that of the Monitor among the lizaids, but, according to Cope, it also 
presents affinities with snakes. The body is snake-like, but there are 
two well-developed pairs of limbs, forming swimming-paddles. All 
were carnivorous and maiine , the distiibution was cosmopolitan. 

Examples — Mosasau? us, Clidastes, Lzodo 7 i, Dohchosaufus. 

Dtiiosatma, — Terrestiial Reptiles, langing from the Trias to the 
Chalk, often veiy large, and, like Maisupials, specialised in various 
directions. They were long-necked and long-tailed forms, some bipedal, 
some quadrupedal The skull has a superior and an inferior temporal 
arcade, a fixed quadrate, teeth m sockets, and confined to the margins 
of the jaws. They exhibit many points of resemblance to Crocodiles 
and Rhynchocephaha on the one side and to Birds on the other. The 
pelvis and hind-limbs are paiticularly avian, eg in the tendency to 
foim a tibio-tarsus B 7 ' 07 itosaurus, a gigantic, herbivorous form, nearly 
60 ft. in length, was probably amphibious Atlaniosatizits was even 
larger, the femui measuring over 6 ft. in length. Coi 7 ipsogiiathus^ 
Igua 7 iodo}i, and Ca 77 iptosam'us are examples of the ‘‘bird-footed” 
herbivorous Dinosaurs Co?)tpsog 77 athus only reached a length of 2 ft., 
and hopped on its hind-legs like a bird. Igiiaziodon habitually walked 
on Its hind-limbs, and, like several others, had hollow bones ; it reached 
a height of 15 ft. Of the caimvoious Dinosaurs, Megalosaurus is a 
good type. The limbs were furnished with powerful claws, and the 
teeth show much specialisation 

Pterosauria 01 Pte 7 'odactyls. — Flying Reptiles, represented from the 
Lower Jurassic to the Uppei Chalk, exhibiting many points of resem- 
blance to Carinate Birds, but still distinctly Reptilian in type. They 
resemble birds especially in some featuies of tbe skull and pectoral 
girdle, but they differ maikedly m their vertebral column, pelvis, and 
organ of flight. An expansion of the skin seems to have been stretched 
on the much-elongated outermost finger, and to have extended back- 
wards to the hind-legs and the tail The long bones are hollows The 
sternum is keeled, and teeth aie often present on the margin of both 
jaws. There is both a supeiior and an infenoi temporal arcade. The 
quadrate is fixed Some were no larger than spairows, but others — 
the giants with which the race ended — had in some cases a spread of 
wing of nearly 20 ft. It is piobable that the resemblances of these 
forms to Birds indicate similar habits, and not any close true affinity. 

Examples. — Pterodactylus, RhairtphorhyzicJms^ Ptermiodon, 
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Relationships 

Reptiles, in their widest sense, form a central assemblage 
among Vertebrates. Some of the extinct forms exhibit 
affinities with Amphibians, others with Birds, others again 
with Mammals. Though we cannot with certainty point to 
any of the extinct types as directly ancestral to Birds or 
Mammals, it seems likely that the ancestors of both were 
derived from the plastic Reptilian stock. 



CHAPTER XXV 

Class AVES— BIRDS 

I Sub-class Arch/EORNITHes (or Saururje) , extinct Arckceopteryx, 
II. Sub-class Neornithes. 

1. Division Ratitse. ‘‘ Running Birds ” Ostrich, etc. 

2. Division Odontolcse. Extinct IPesperorms. 

3. Division Carmatce. “ Flying Birds ” with keeled sternum. 

Birds share with Mammals the rank of the highest Verte- 
brates. For although Mammals excel in brain development, 
and in the closer organic connection between mother and 
unborn young, it must be allowed that as regards muscles 
and skeleton, heart and lungs, indeed most of their struc- 
ture, the two classes are almost equally differentiated. They 
are not, however, in any way nearly related, but represent 
quite divergent lines of evolution. They are related to one 
another indirectly, since they have in all probability a 
common ancestry among Reptiles. 

Like Insects among Invertebrates, so Birds among 
Vertebrates are pre-eminently creatures of the air, and the 
analogies between these two widely separated classes are 
many, e.g. as regards power of flight, elaborate respiratory 
system, bright colouring, sexual dimorphism, preferential 
mating, and parental instincts. The high body temperature 
of Birds, exceeding that of all other animals, is a physio- 
logical index of their rapid metabolism or intense activity. 

Compared with lower Vertebrates, Birds show a marked 
increase of emotional life, as seen in their affection for their 
mates, in their care of the young, and in the joyousness of 
their mood, often bursting forth in song. 
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General Characters of Birds 

Warm-hlooded^ ovipai-oics^ feathered bipeds. 

The fore-limbs are modified as imngs, generally capable of 
flight , the neck is long and the tail is shorty except in the 
extinct Archaeopteryx. 

The epidermic exoskeleton is represented by the feathers., 
which are usually arranged in definite feather tracts (pteryha)^ 
with bai'e patches between^ and also by scales on the legs 
similar to those of reptiles. Almost the only skin gland is 
an oil or pi^een gland^ lying dorsally at the root of the tail. 

The pectoral muscles used in flight are generally large ; 
in many there is a muscular gizzard , there is no diaphragm 
comparable to that of Mammals. 

In the brain^ which fills the large cranial cavity^ the 
predominance of the basal parts of cerebrum and cei-ebellum 
has resulted in displacing the optic lobes to the sides. The 
spinal coi'd is at an angle to the medulla oblongata^ not in a 
line with it as in lower Vertebrates. 

The nostmls are often overhung by a sensitive cere , there 
is never more than a rudimentary pinna outside the external 
auditoiy meatus^ the connection between tympanum and 
inner ear is by means of a columella , the eyeball is strengthened 
by sclerotic ossicles ; thei^e is a well-developed third eyelid^ and 
a large nutritive pecien. 

There are no epiphyses in connection with the bones^ many 
of which contain prolongations of the air-sacs connected with 
the lungs. When a long bone contaifis an air-sac^ there is 
little or no marrow The curvature of the vertebral centra., 
especially in the cervical region., viewed from in fronts is 
concave from side to side., and convex from above downwards 
(heteroccelous). The cervical vertebrcx. have small ribs, which 
fuse in most cases with the transverse processes. The dorsal 
vertebrce tend to fuse together into an immovable mass , and 
a large number of vertebrce (one to three dorsals, all the 
lumbar s, and some caudals) fuse with the two or thi^ee time 
sacrals. The terminal tiertebrce usually fuse to form a 
ploughshare bone. 

In most birds the bones of the brain-case fuse very early, 
the sutures being obliterated. Only the lower jaw, the 
quadrate, the columella, and hyoid are always movable ; but 
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the pterygoids usually articulate freely with the basisphenoid,^ 
the lachrymals may I'emain free^ and there may be a joint in 
the beak at the end of the premaxillcB, There is but one 
condyle, A membrane hone called the basitemporal covers 
the basisphenoid. There is aii interorbital septum formed 
from presphenoid and mesethmoid. The otic bones fuse with 
adjacent bones and with one another about the same time. 
In modern birds there are 710 teeth,^ hut the jaws are covei'ed 



c. g pr. 

Fig. 354. — Position of organs in a bud. — After Selenka 


n , Nostnls , ir , trachea, cr , crop ; k , heart ; si , sternum ; , 

proventnculus , ^ , gizzard ; c , caeca , p , pygostyle , pelvis , 

k , kidney , I , lung 

by horny sheaths. The premaxillce are large, afid form most 
of the beak. There is a complete infra-temporal arcade 
formed by a delicate jugal and quadratojugal reaching back 
to the quadrate. The supra-temporal arcade is usually 
incomplete, but i?i some cases a process of the squamosal joins 
a postoi'hital process of the frontal. The lower jaw consists 
on each side of five membraiie boiies and a cartilage bone — 
the articular — which works on the quadrate. Many of the 
skull bones have a spongy texture, due to cavities filled with 
air from the nasal and Eustachian tubes. 
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There is a well-developed sternum^ generally with a keel^ 
with a separate centre of ossification, to which the pectoral 
muscles are in part attached. The strong coracoids reach 
and articulate with the sternum. In flying birds the clavicles 




Fig. 355 — Fore-linib and hmd-limb compared 

11. , Humerus , R , radiu*; ; U , ulna , r , racliale ; it , ulnare , C , distal 
carpals united to carpo-metacarpus , CC , the whole carpal legion, 
MC.l , metacarpal of the thumb, /, phalanx of the thumb, MC II , 
second metacarpus, II, second digit, MC III , third metacarpus; 

III , third digit F, femur, TT, tibio-taisus , Fi , fibula, jPif , 
proximal tarsals united to lower end of tibia , dt , distal tarsals uni tec! 
to upper end of tarso-metatarsus (T MT), T , entii e tarsal region , 

JlIT I , first metatarsal, free , / ~IV , toes 

are usually well developed, and connected by an inter clavicle, 
which may be connected with the apex of the sternum. The 
fore-limb has not more than three digits (I., II., and IIL), the 
three metacarp als are fused {except in Archaeopteryx), and 
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there are 07ily two separate carpals^ the others fusitig with the 
metacarpals^ and thus forining a carpo-metacarpus. The 
thumb IS often clawed^ the second digit ra7-ely. 

The ilia of the pelvis may be firmly fused to the cofnplex 
sacrum ; the acetabulum is incompletely ossified, the pubes 
are directed backwards parallel to the ischia. There is no 
pubic symphysis except in the Africa?i ostrich (Stmthio), and 
no ischiac symphysis except in the American ostrich (Rhea). 
In the hind-limb the fibula is incomplete., and more or less 
united to the tibia ; the proximal tarsal bones are united to 


the distal end of the tibia (yohich is 
therefore called a tibio-tarsus\ the others 
being united to the proximal end of three 
united metatarsals {which thus form a 
tarso-metatarsus). As in Reptiles^ the 
ankle-joint is therefore interfarsal. The 
maximum number of toes is four, of 
which the first is the hallux if there be 
four, the metatarsal of the hallux is free 
from the other three fused metatarsals , 
if there are only three, the hallux has been 
suppressed. 



In regard to the alime^itary system, the ^oimg bird —After 
absence of teeth, the frequent occurrence of Gadow. 


a crop and a gizzard, the usual shortness n., Spmai 
of the large intestine, the prese?ice of a of gut ww 

cloaca, may be noted. (dotted), somatic layer 

The heart is jour~chambered ; the single (dotted), splanchnic 
aortic arch curves to the right side; only aoL 

the pulmonary artery rises from the right productive organ ; K , 
ventricle , the two valves between the right 
auricle and the right ventricle are in part muscular ; there is 
no renal portal system , the red blood corpuscles are oval and 
nucleated , the blood temperature is from 2 °”i 4 ° F. higher 


than that of Mammals 

The non-exp anstble lungs are fixed to the dorsal wall of 
the thorax , the bronchial tubes expand in iri'egular branches 
in the lungs , the ends of some of these branches are continued 
into surrounding air-sacs , these may be continued into the 
bones, and end in minute air-spaces. The trachea has bony 
rings, a larynx {without vocal chords) at its upper end, and a 
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syrinx or song-box [with vocal chords^ at the origin of the 



357 — A falcon 

inn , Mandible , C , cere; N ^ nostril, E C , ear coveiL , t/i IV , 
thumb wing , C , wing coverts , D , dorsal coverts , 5" , second- 
aries , P , primaries ; R , rectrices ; A , ankle , Mi , tarso- 
metatarsus , / , first toe 


bronchi. Expiration is the more active part of the respiratory 
process. 
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The (fnetanephric) kidneys are three-lohed^ a7id lie e^nhedded 
m the pelvis ; the ureters opefi mto the cloaca; there is no 
bladder ^ the urmeis semi-solid.^ and consists chiefly of urates, 
W 2ter must he mainly got rid of by evaporation fi^oni the 
walls of the air-sacs and air-passages. 

The testes he beside the kidneys , the vasa deferentia run 



Fig. 358. — Young bearded griffin {Gypaetus barbatus) — ^After Nitzsch. 

Showing the feather-tracts or pterylae, for instance those on the breast 
(PT.) E , ear , F , web or propatagium , TH ^ thumb , FE , bases 
of primary feathers , S.j bases of secondary feathers ^ B S , bare streak 
without pterylai , CL , cloaca , R , bases of rectnces or tail feathers 

outside the ureters.^ and open into the middle region of the 
cloaca. The right ovary atrophies.^ the right oviduct is rudi- 
mentary. There is rarely any copulatory organ, but it is 
large in ostriches, ducks, geese, and some other birds. 

The eggs have much yolk and hard calcareous shells. The 
segmentation is meroblastic and discoidaL The allantois is 
chiefly respiratory, though it helps in absorbing the nutritive 
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substance of the egg, a?id acts as a receptacle for the emb?yo^s 
waste products. 


The Pigeon (Columba) as a type of Birds 

The numerous varieties of domesticated pigeon (pouter, 
fantail, tumbler, etc ) are all descended 
from the rock-dove, Columba Iwia, and 
afford vivid illustrations of variation, and 
of the results of artificial selection. 
Certain vaiiations, e.g. in beak or tail, 
crop up, we know not how , and similar 
forms are bred together until a new breed 
is established. 

External characters. — The form of 
the body, well suited for rapid flight, 
ceases to be graceful when stripped of 
Its feathers. The cere above the nos- 
trils, the third eyelid in the anterior 
upper corner of the orbit, the external 
opening of the ear concealed by the 
feathers, the preen gland on the dorsal 
surface at the root of the tail, and the 
cloacal aperture, are external features 
easily recognised. 

The feathers most important in flight 
are the twenty -three remiges of the 
wing, divided into eleven primaries 
borne by the metacarpals and phalanges 
of the two fingers, and twelve secondaries 
borne by the ulna. Twelve tail feathers 
A , Fiiopiunir”.5 , very OT rectrices serve as a brake, and help 
^ steering. A distinct tuft of 

feathers borne by the thumb is called 
the bastard wing. Covering the bases 
of the large feathers are the coverts, 
— wing-coverts and tail-coverts, — which belong to the 
series of contour feathers which give shape to the whole 
body. In the pigeon there are no true down-feathers or 
plumules, but among the ordinary contour feathers or pennse 
there are little hair-like feathers (filoplumes) with only a few 



F]G. 359. — After 
Nitzsch. 


young feather within 
Its sheath (sh ) , c , the 
core of dermis , d , the 
barbs C , the same, 
external view. 
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terminal barbs In herons and some other birds some of 
the down-feathers aie covered with dusty powder (powder- 
down) formed from the brittle ends of the barbs. Apart 
from their use in flight, the feathers, being bad conductors 
of heab serve to sustain the high temperature of the bird. 
There is usually pigment in feathers, and the coloration 
thus produced is often enhanced by structural peculiarities 
of texture and surface In perfectly white feathers the 
whiteness is due to gas-bubbles 

Any one of the large feathers consists of an axis or scapus, divided 
into a lower hollow portion — the calamus or quill, and an upper solid 
portion — the rachis, which forms the axis of the vane This vane con- 
sists of paiallel rows of lateral barbs, linked to one another by barbules, 
which may be joined to one another by microscopic booklets. In the 
lunning birds the barbs aie free The quill is fixed in a pit or follicle 
of the skin, fiom which muscle fibres pass to the feather and effect in- 
dividual movement. At the base of the quill there is a little hole — 
the inferior umbilicus — through which a nutritive papilla of dermis is 
continued into the growing feather At the base of the vane there is 
a little chink — the superior umbilicus— but this has no importance, 
except that parasites sometimes entei by it. Close to this region, 
however, in many birds, a tuft or branch arises, called the aftershaft 
In the Emu and Cassowary the afteishaft is so long that each feather 
seems double. 

A feather begins as a papilla of skin, but the whole is formed from 
the cornification of the inner layer of the epidermis The papillae 
raiely occur all over the skin {eg, penguin), but are usually disposed 
along definite feather-tracts. Each papilla consists externally of epi- 
dermis and internally of dermis, and becomes surrounded at the foot 
by a moat, which deepens to form the feather-follicle in which the 
base of the quill is sunk. The epideimis has two layers — (^z) an outer 
stratum corneum, which in the developing feather forms merely a pro- 
tective external sheath, and {b) an inner stratum Malpighii, which 
becomes cornified and forms the whole feather. The process by which 
this cylinder of cells becomes horny is remarkable ; in the upper part 
ridges are formed, which separate fiom one another as a set of barbs, 
the louer part remaining intact as the quill. When we pull off the 
horny sheath of a young feather, we disclose a set of barbs lying almost 
parallel with one another, yet slightly divergent The central pair 
predominate, and fuse to form the rachis , their neighbours gradually 
become the lateral baibs. The external sheath falls offj the core 
of dermis is wholly nutiitive, and disappears as the feather ceases to 
grow 

On the four toes and on the base of the legs there are horny epidermic 
scales, the presence of which reminds us of the affinities between Birds 
and Reptiles. The toes are clawed, the thumb is often clawed , the 
second digit very rarely. Only m the embryos of the hoatzin 
[Oftsthocpmus] and of the ostriches {Struthw and Rhea) is the third 
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digit clawed. The beak is covered by a horny sheath, which is annually 
moulted m the puffin The deimis is very thm and vasculai, and 
IS iich in tactile nerve-endings or Pacinian corpuscles, especially 
abundant in the ceie. The only skin gland — the preen gland — secretes 
an oily fluid, which some buds use in preening their feathers. It is 
absent m the ostiich, emu, cassowary, and m a few Caiinate birds 



Fig. 361. — Parts of a feather. — After Nitzsch. 

I j Four barbs (JB ) bearing anterior barbules {A.BB ) and posterior barbules 
(P BB ) , // j si\ barbs {B ) 111 section, showing interlocking of barbules , 

III , anterior barbule with barbicels {H ) 

Muscular system. — The largest breast muscle (pectoralis 
major) arises from the sternum and its keel, and from the 
clavicle, is inserted on the veiitral surface of the humerus, 
and depresses the wing. The smaller but longer pectoralis 
minor or subclavian, exposed when the large one is reflected, 
raises the wing. It arises from the keel and sides of the 
sternum, and is continued over the shoulder (through the 
foramen triosseum, which serves as a pulley) to its insertion 
on the dorsal surface of the humerus. Arising chiefly from 
the coracoid, but in part from the sternum, and inserted 
on the humerus, is a small coraco-brachialis, which helps 
a little m depressing the wing. There are several yet 
smaller muscles. 

Interesting also is the mechanism of perching. WTien the bird sits 
on its perch, the toes clasp this tightly. The flexor tendons of the 
42 
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toes aie stretched automatically when the leg is bent m perching. 
Furthermore, an ambiens muscle, inserted on the front of the pubis, is 
continued down the anterioi side of the femur, and its tendon, bend- 
ing round the knee to the opposite side of the tibia, is mfeiiorly con- 
nected with the flexors of two digits. When the leg is bent in sitting, 
the ambiens tendon is stretched, and the digits clasp the branch. Thus 
the bird, when asleep, does not fall off its perch. It is only in some 
birds, howevei, that the ambiens muscle is present 

In connection with the muscular system, it may also be noted that 
the walls of the gizzaid consist of thick muscles radiating around 
tendinous discs Two small sterno-tracheal muscles ascend from 
sternum to trachea, and are apt to be confused m dissection with the 
carotid arteries. Complex muscles aie associated with the song-box 



Fig 363. — Disarticulation of bird’s skull. — After Gadow. 
Membrane bones shaded 


B Oc , basioccipital , £ Oc , evoccipital , S Oc , supraoccipital , 

Pa , parietal , frontal , Na , nasal , premaxilla , M , 

maxilla ,/?<!, jugal , Qj , quadrato-jugal , Qu , quadrate ; , 

periotic, Sq ^ squamosal, AS ^ alisphenoicl , B S basi- 
sphenoid , -5 , orbito-sphenoid , Pr Sph , presphenoid ; vo , 

vomer, lOS ^ interorbital septum, £ , ethmoid, , nasal 
septum , De , dentary , Sp , splenial , An , angular , Sa , sur- 
angular , , aiticular , MK , Meckel's cartilage 

Skeleton. — The skeleton of biids is lightly built, with 
much strength and surface for its weight, on the hollow 
girder principle. The texture of the bone is often very 
spongy, and air-sacs from the lungs may be continued into 
many of the bones, which are then more or less completely 
destitute of marrow in adult life. In the pigeon, most of 
the bones, except those of the tail, foieaim, hand, and 
hind-limb, contain air-spaces. Another general character is 
the marked tendency to fusion of bones, as seen in the skull, 
dorsal vertebrae, sacral vertebrae, ploughshare bone, carpo- 
metacarpus, and tarso-metatarsus. 

The vertebral column is divided into five regions — cer- 



66o 


BIRDS. 


vical, thoracic, lumbar, sacral, and caudal. The mobile 
neck consists of fourteen cervical vertebrae , from the third 
to the twelfth these bear short ribs fused to the centra and 
transverse processes , the thirteenth and fourteenth have 
them free and well developed, but not reaching the sternum. 
Of the thoracic vertebrae, namely, those whose ribs reach 
the sternum, the anterior three are fused to one another, 
while the fourth is free. The complex sacral region consists 
of the fifth thoracic (with free ribs reaching the sternum), 
five or six lumbars, two sacrals, and five caudals, all fused 
Lastly, there are six free caudals ending m a pygostyle or 
ploughshare bone, — a fusion of about four veitebrse (cf. 
coccyx in man). This bone serves as a base for the 
rectnces. 

A cervical vertebra shows on the anterior surface of the 
centrum a distinctive curvature, described as saddle-shaped 
or heterocoelous. It is concave from side to side, convex 
from above downwards. Posteriorly the curvatures are, of 
course, the reverse. 

The ribs have two heads — a capitulum articulating with 
a centrum, a tubercle articulating with a transverse process. 
The ventral part of the rib, which reaches the sternum, is 
called the sternal rib, and is joined at an angle to the dorsal 
part, which articulates with a vertebra. In Birds the sternal 
ribs are always bony , in Mammals they are usually cartila- 
ginous. On the posterior surface of each of the first four 
thoracic ribs there is an uncinate process, absent only m 
the S American screamers (Palamedese). 

The skull has a rounded cranial cavity, large orbits, and 
a narrow beak, which is mostly composed of the premaxill^. 
All the bones are fixed except the quadrate, lower jaw, 
columella, and hyoid. The surface is polished ; the sutures 
are obliterated very early in life. 

The back part of the skull is formed by the basioccipital, 
the two exoccipitals, and the supraoccipital, surrounding 
the foramen magnum. The basioccipital forms most of the 
single condyle 

The roof of the skull is formed from the paired parietals, 
frontals, and nasals, the last being small and in part super- 
seded by the upward extension of the premaxillse. 

The line of the upper jaw consists of premaxilla, small 
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maxilla, jugal, and quadrato-jugal, the last abutting on the 
movable quadrate. 

Of the membrane 


bones on the side of the 
skull, the lachrymal in 
front of the orbit, and 
the squamosal between 
the quadrate and the 
parietal, are the most 
important. 

On the roof of the 
mouth, the basisphenoid, 
which lies just in front 
of the basioccipital, is 
covered over by a mem- 
brane bone — the basi- 
temporal. In front of 
this IS a sharp “basi- 
sphenoid rostrum ” or 
parasphenoid, also a 
membrane bone. Artic- 
ulating with the quadrate 
and with the rostrum 
are the pterygoids, in 
front of these lie the 
palatines. The vomer 
is vestigial. The bony 
front of the palate is 
formed from inward ex- 
tensions of the pre- 
maxillse and maxillae. 
The interorbital septum 
is formed chiefly from 
the mesethmoid, but also 
from the presphenoid. 
From the tympanum to 
the inner ear extends the 
rod-like columella. The 
lower jaw originally con- 



Fig. 364 — Under surface of gull’s 
skull — From Royal Scottish Museum, 
Edinburgh. 

c. f Condyle , <5 / , basitemporal , ^ s , basi- 

sphenoidal rostrum , //f., pterygoid , j>a , 
palatine , z)., vomer , / mx , premaxilla, mx , 
maxilla; j , jugal , q j ^ quadrato-jugal , q , 
quadrate 


sists of four membrane bones — dentary, splenial, angular, and 


surangular, and one cartilage bone — the articular. The 
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The sternum bears a conspicuous keel, is produced 
laterally and posteriorly into two xiphoid processes, and 



Fig. 366 — Side view of pelvis of cassowary. 
//., Ihum ; Isch , ibchium , Pb , pubis , Ac . acetabulum 


bears articular surfaces for the cora- 
coids anteriorly, for the sternal ribs 
laterally. 

The skeleton of the wing includes 
the stout humerus, the separate radius 
and ulna (the latter the larger), two 
free carpals, a carpo-nietacarpus of 
three metacarpals fused to one another 
and to some carpal elements, and three 
digits — the thumb with one joint, the 
first finger with two joints, the second 
with one. In adaptation to flight, the 
wing of a bird has much less flexibility 
of parts than the arm of a Mammal. 
The radius and ulna do not move upon 
each other. 

The pelvic girdle consists of dorsal 
ilia fused to the complex sacral region, 
of ischia sloping backwards, and of 
pubes running parallel to the ischia. 
The incomplete ossification of the 
acetabulum and the absence of ventral 
symphyses are noteworthy. 

The hind-limb consists of a short 
stout femur, a tibia to which the 
proximal tarsals (astragalus and os 
calcis) are fused (forming a tibio-tar- 
sus), an incomplete fibula joined to 



Fig. 367. — Bones of 
hind-limb of eagle. 


y, Femur , z* ,tibio-tarsus, 
fb , fibula ; a , ankle- 
joint , m i ^ tarso-meta- 
tarsus ; first meta- 

tarsal (free) 
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the tibia, three metatarsals fused to one another and to 
the distal tarsals (forming the tarsp-metatarsus), a free first 
metatarsal, and, finally, the four toes. The first, turned 
backwards, has two phalanges, the second three, the third 
four, and the fourth five. 

Nervous system — In contrast to the brain of crocodiles 
and other Reptiles, the brain of the pigeon and other 
Birds fills the cranial cavity. The cerebral hemispheres 



Fig 368. —Brain of pigeon 

(0 Dorsal, (2) ventral, and (3) side view ol/ , Olfactory lolies , 
c, cerebral hemispheres, ol, optic lobes, cerebellum, 
m.o , medulla oblongata 

are large and smooth. Their roof is thin, their main mass 
consists of the large corpora striata which bulge into the 
ventricles. They meet the cerebellum and throw the solid 
optic lobes to the sides. The olfactory lobes are very 
small (cf. deficient sense of smell). Between the cerebral 
hemispheres and the cerebellum, the pineal body rises to 
the surface, and a slight posterior separation of the 
hemispheres will disclose the region of the optic thalami. 
The large cerebellum is ridged transversely and divided 
into a median lobe and two small lateral flocculi. The 
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curvature of the brain is well marked in the adult; thus 
the medulla is quite hidden by, and descends almost 
vertically fiom, the cerebellum 

Theie are as usual twelve cranial neives. 

In connection with the spinal coid, the brachial plexus of nerves 
to the forearm, and the sacial plexus to the leg, should be noticed. 
In the lumbai region the halves of the coids diveige for a short 
distance, foiming a wide space — the ihomboidal sinus — roofed only 
by inembiane. The cervical part of the sympathetic nervous system 
IS double on each side. 

Sense organs. — The sense of smell is not well developed 
in Birds. The nostrils are longitudinal slits overhung by 
the swollen, more or less tactile, cere. Apart from the 
cere, there is only a diffuse sense of touch, and the sense 
of taste is also slightly developed. 

The sense of hearing is acute. Externally the ear is 
marked by an open tube — the external auditory meatus; 
the apeiture of which lies behind the eye, concealed 
beneath the feathers. Within the tube, a little beneath 
the surface, lies the drum or tympanum; connecting this 
with the fenestra ovalis of the inner ear is the columella ; 
the tympanic chamber is continued past the ear as the 
Eustachian tube, which unites with that of the opposite 
side, and opens into the mouth cavity in front of the 
basisphenoid bone. The cochlea, or curved protuberance 
of the sacculus, which is incipient in Amphibians, and 
larger m Reptiles, is yet more marked in Birds. 

The eye has an upper, a lower, and a third eyelid or 
nictitating membrane. The last is frequently twitched 
across the eye, and helps to keep the front clean; it is 
present in many Reptiles and most Mammals. The 
front of the sclerotic protrudes in a rounded cone, and is 
strengthened by a ring of little bones. Into the vitreous 
humour a vascular pigmented pecten protrudes from the 
region of the blind spot where the optic nerve enters. 
Birds have remarkable powers of optic accommodation. 

Alimentary system. — The jaws are ensheathed in horn, 
and this sheath takes the place of teeth, and is sometimes 
ridged, as in ducks. It is interesting to notice that this 
horny beak was absent in some of the extinct toothed 
birds. In modern birds there are no hints of teeth. 
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except that “a dental ridge” (see Mammals) has been 
detected m some embryos. A narrow tongue lies m the 
floor of the mouth ; it is unimportant in the pigeon, but 
is often useful, as in parrots, woodpeckers, and humming- 
birds. Associated with the tongue there are numerous 
glands. On the roof of the mouth lie the posterior nares, 
and behind them the single aperture of the Eustachian 
tubes. The gullet expands into a thm-walled, slightly 
bilobed, non- glandular crop, in which the hurriedly 
swallowed seeds are stored and softened a little. 
Especially at the breeding season, the cells lining the 
crop degenerate, and form ‘‘pigeon’s milk,” which both 
males and females give to the young birds. 

From the crop the food canal is continued into the 
glandular part of the stomach (the proventriculus), where 
gastric juice is secreted from large glands. 

Beneath the proventriculus is the gizzard, in which the 
food is ground. The walls are very muscular, the fibres 
radiating from two tendinous discs ; the internal surface is 
lined by a hard, horny epithelium ; and within the cavity 
are small stones which the bird has swallowed. In hawks 
and-fish-eatmg birds the gizzard region is, naturally enough, 
fairly soft. The pyloric opening, from the gizzard into the 
duodenum, is very near the cardiac opening from the 
proventriculus into the gizzard. 

In the fold of the long duodenum lies the pancreas with 
three ducts, whose number points to the triple origin of 
the pancreatic rudiment in the embryo. Into the same 
region open two bile-ducts from the two-lobed liver, which 
is without a gall-bladder in the common pigeon, though 
this is present in some birds, and even in some species of 
pigeon. 

The small intestine is long; the large intestine is very 
short , in fact, it is not more than a rectum two inches in 
length. At the junction of the small and the large intestine 
there are two short caeca In some birds, e,g. the fowl, 
these are of considerable length; in the ostrich they are 
very long; in the hornbills, etc., they are absent. 

The cloaca has three divisions (see Fig. 369), — an upper 
part into which the rectum opens, a median part into 
which the ureters and the genital ducts open, and a 
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posterior region (proctodaeum), opening into which from 
the dorsal surface is a vascular and glandular sac oi 
obscure function, the bursa F'abncii, which usually dis- 
appears during adolescence. 

Vascular system. — The relatively large four-chambered 
heart, the complete separation of arterial and venous blood, 
the single aortic arch bending over to the right side, and 
the hot blood (about 38° C., 100'’ F.), are important 
characteristics. The heart-beats are more rapid in birds 
than in other Vertebrates, being about 120 per minute 
when the bird is at rest, and far more when it is 


flying. 

The impure blood returned by the 
venae cavae to the right auricle passes I J 

into the right ventricle through the t 

auriculo-ventncular valve (which has 
two muscular flaps without chordae J 

tendineae or papillary muscles). From 
the right ventricle it is driven to the C\j 
lungs. From the lungs the purified J/ 

blood returns to the left auricle, and ^ 

passes through two vmnhranous valves Fig. 369. — Diagram- 

(with chordae tendineae and papillary matic section of clo- 
^ IX . 1 r. hi aca of male bird. — 

muscles) into the left ventricle. Oadow. 

Thence it is driven through the Upper region’ of do- 

arterial trunk into the carotids, the aca mto which rectum 

subclavians, and the dorsal aorta 

The bases of the aortic and pul- \ deferens 

monary trunks are guarded by three side , pd , posterior re- 

semilunar valves. From _ the capil- |Xicu‘(5F) opens”" 

laries the impure blood is collected 

anteriorly in two superior vense cavae (precavals), and 

posteriorly in an inferior vena cava (postcaval), composed 

of veins from hind-legs and kidneys, and receiving as it 

approaches the heart the hepatic veins from the liver. 


The right auricle of the heait is larger than the left ; the right ventricle 
has thin walls, and partly surrounds the more muscular left ventricle. 
The muscular right auriculo-ventncular valve does not quite encircle 
the opening from the auricle, an imperfect differentiation which recius 
in the Monotreme Mammals. 

The arterial system consists of the following vessels (Fig. 370) — 





Fig, 371. — Heait and venous system of pigeon. 

A , Right auricle , R F , right ventricle ; L V , left ventricle ,L A ^ 
left auricle , F^V , pulmonary veins y P A , pulmonary arteries , 
/ , jugulai , Br , brachial ; P , pectoral y H V.y hepatic y E^P y 
epigastric; /VC, inferior vena cava, C^M., coccygeo-mesen- 
teric y I V , iliac , F.y femoral , R., renal ; Sc , sciatic , Hyj> , 
hypogastric 01 “ renal-portal” , t il , internal iliac , C., caudal 
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[a) The arteiial trunk, as it rises from the heart, gives off on each 

side an innominate aitery Each innominate gives off a carotid 
and a subclavian, and the subclavian immediately divides into 
a brachial to the arm and a pectoral to the breast muscles 
{b) The doisal aorta, formed by a continuation of the arterial trunk 
bending round on the right side, gi\es off coeliac, mesenteric, 
renal, femoial, sciatic, iliac, and other aiteiies. 

{£) The pulmonary aiteries carry impure blood fiom right ventricle 
to lungs 

The venous system consists of the folloiving vessels (Fig. 371) : — 

{a) Two superior venae cavae, each formed from the union of 
jugulars from the head, a brachial fiom the arm, and a pectoral 
from the breast. 

[b) The inferior vena cava is formed from the junction of two iliac 

veins just m fiont of the kidneys. Each of these iliacs results 
from the union of a femoral from the leg, an efferent renal 
from the kidney, and a ‘‘ lenal-portal,” or hypogastric, which 
passes upwards through the kidney To understand this hypo- 
gastric, It is convenient to begin at the tail. A short caudal 
vein divides anteiiorly into right and left branches, each of 
which leceives an internal iliac from the sides of the pelvic 
legion. Thus the hypogastric is formed at each side, and 
this, passing upwards thiough the kidney, receives the sciatic, 
and finally joins with the femoral and with the renal. 

[c) The pulmonary veins cairy pure blood from lungs to left auricle 

The hepatic portal system is as usual, — mesenteiic veins from the 

intestine combine in poital veins ; the blood filters through the liver, 
and IS collected in hepatic veins, which unite with the anterior end of 
the inferior vena cava. 

A hint of a renal-portal system is repiesented by small branches, which 
the femoials give off to the kidney 

From the transverse vein formed between the two hypogastiics or by 
the division of the caudal vein, a coccygeo-mesenteric aiises, which 
receives vessels from the cloaca and large intestine, and is continued 
along the mesenteiy to join the hepatic portal system. 

As theie aie larely any valves in the hypogastric veins, the blood 
from the viscera and hmd-limbs can pass freely either through the iliac 
veins and thence to the inferior vena cava, or through the coccygeo- 
mesenteric vein to the hepatic poital system. 

The epigastric vein of the bud takes blood from the fat-laden sheet 
or great omentum which covers the abdominal viscera. It leads not 
into the liver, but into one of the hepatic veins. 

Associated with the blood-vascular system there is a 
lymphatic system with a few lymphatic glands 

The spleen lies on the right side of the proventriculus, the 
paired thyroid lies beside the origin of the carotids, and a 
paired thymus is found in young birds in the neck region. 
Small yellowish (suprarenal) glands lie on the front part of 
the kidneys. 
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Respiratory system. — The important facts are, — that 
there is no true diaphragm ; that some of the bronchial 
branches in the lungs are continued into adjacent air-sacs ; 
that expiration is a more active process than inspiration. 

The nostrils he at the base of the beak overlapped by 
the cere. Only in the kiwi are they at the tip of the beak. 
The glottis behind the root of the tongue leads into the 
trachea, which has a voiceless larynx at its anterior end, and 
a syrinx, with vocal chords, at its base. The trachea is 
strengthened by bony rings, and is moved by two sterno- 
tracheal muscles from the sternum. The bronchial tubes 
branch irregularly, in a kind of tree-like fashion, in the 
lungs and end in very fine air-tubes. These he attached 
to the dorsal wall of the thorax, indented by the ribs, and 
covered with pleural (peritoneal) membrane on their ventral 
surface only. 

Around the lungs, and connected with the ends of the 
main bronchial branches, aie the nine air-sacs. In order 
from behind forwards, he the abdominals, the posterior 
thoracics, the anterior thoracics, the cervicals, and the inter- 
clavicular in the middle line in front. The interclavicular 
sac is m connection with both lungs, and is continued into 
two axillaiy sacs in the arm-pits. The anterior and posterior 
air-sacs are continuous with air-spaces in the bones. In 
the resting bird the sternum rises and falls; in the flying 
birds the thoracic region compresses the lungs and air-sacs ; 
in either case, expiration is the more active part of the 
respiratory process. 

Ilxcretory system. — The kidneys are three-lobed, and 
lie embedded in the pelvis. They receive blood from the 
dorsal aorta by renal arteries, and the filtered blood leaves 
them by renal veins which unite with femorals and renal 
portals to form the iliacs, or, we may almost say, the inferior 
vena cava. But the kidney also receives a little venous 
blood from branches of the femoral veins. Thus, there 
IS just a hint of a lenal-portal system, which does not 
occur in Mammals. The kidneys are metanephric in 
origin. 

The waste products, consisting for the most part of mates, pass in 
semi-solid form down the ureters into the median compartment of the 
cloaca. 
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In front of each kidney, at the base of the iliac vein, thcie lies a 
supiaienal body 

Eeproductive system. — The testes lie in front of the 
kidneys. Like the ovary, they increase in size at the breed- 
ing season, and dwindle afterwards , the sexual period in 



Fig 372 — Female urogenital 
organs of pigeon. 

K , Kidney with three lobes , u , uretei , 
cl , cloaca , cz/ , ovary , , oviduct , 

f t , funnel at end of oviduct , r r od , 
rudimentary right oviduct 



Fig. 373 — Male uiogenital 
organs of pigeon 

T , testes ; V , base of inferior vena 
cava , S R , suprarenal bodies , A" , 
kidneys with three lobes (i, 2, 3), 
u , ureter y v d., vas defeiens , vs , 
seminal vesicle , cl , cloaca 


birds being much more narrowly limited than in most other 
Vertebrates. 

The spermatozoa pass from the testis into a vas deferens, 
which lies to the outside of the corresponding ureter. The 
vasa deferentia, slightly convoluted when full of sperms, and 
with a posterior swelling or seminal vesicle, open separately 
into the median compartment of the cloaca. 

In the adult pigeon, and in most birds, there is only one 
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ovary ; that of the right side usually atrophies early in life. 
The right oviduct is represented by a small rudiment close 
to the cloaca. 

The ovary is covered with follicles containing ova at 
various stages of ripeness As these ova become dilated 
with yolk and otherwise mature, they buist from the ovary, 
and are caught by the dilated end of the oviduct which 
opens into the coelom. The first part of the duct is 
narrow, and there the ova may be fertilised, the second 
part is wide and glandular, secieting the white of egg; in 
the third region, which is muscular and glandular, the shell 
membrane and shell are made. 

In sexual union the cloaca of the male is closely apposed 
to that of the female , only in a few cases (in ducks and 
geese, Crax^ Tinamus, and in the Ratitse) is there a 
copulatory organ The eggs are incubated by the parents 
for a fortnight, a high temperature of about 40° C. being 
sustained throughout. 


Habits and Functions of Birds 

Flight. — As birds are characteristically flying animals, 
many of their peculiarities may be interpreted m adaptation 
to this mode of motion. 

{a) Shape afid ge^ieral structure of the body . — The 
resistance offered by the air to the passage of a body 
through It depends in part on the shape of the body, and 
the boat-like shape of the bird is such that it offers 
relatively little resistance. The attachment of the wings 
high up on the thorax, the high position of such light 
organs as lungs and air-sacs, the low position of the heavy 
muscles, the sternum, and the digestive organs, the 
consequently low centre of gravity, are also structural 
facts of importance. But it must be remembered that the 
frictional resistance of the air is slight. 

if) The micscles of flight . — The pectoralis major brings 
the wing dotnimvard, forward.^ and backward.^ keeping the 
bird up and carrying it onward. As it has most work to do. 
It is by far the largest The pectoralis minor raises the 
wing for the next stroke. There are others of minor 
importance. On an average these muscles weigh about 
43 
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one -Sixth of the whole bird, nearly one -half in some 
pigeons. Buffon noted that eagles disappeared from sight 
in about three minutes, and a common rate of flight is 
about fifty feet per second. In migration many birds fly 
at a rate of over loo miles an hour. 


{c) The skeleton —The rigidity of the dorsal part of 
— . the backbone, due 

f to fusion of verte- 

brse, is of advantage 
in affording a firm 

fulcrum for the wing- 
^ 1 7^\ strokes, while the 

° \|\ arched clavicles 

"OOT (meeting in an inter- 

1 * 1 clavicle and often 

||| fused in front to the 

if sternum) and the 

strong coracoids 
(which articulate with 
f the sternum) are 

adapted to resist 
the inward pressure 
of the down-stroke. 
As the keel of the 
breast - bone serves 
in pait for the in- 
sertion of the two 
chief muscles, its 
Fig. 374 — Pectoial girdle and sternum Size bears some pro- 
of swan portion to the 

A part of carma removed shows peculiar loop of Strength of flight, 
trachea (tr) , c/ , clavicle , cor, coracoid; sc, -r. cihcpnf- in tViA 

scapula ; , glenoid cavity for head of humerus , aUSCni ill me 

r , parts of sternal ribs rumiing birdS, SUCh 

as the ostriches, and 
has degenerated in the New Zealand parrot {Stringops\ 
which has ceased to fly and taken to burrowing. 

{d) Air-sacs and air-spaces . — The lungs of birds open 
into a number of air-sacs, which have a larger cubic content 
than the lungs, and in many cases these air-sacs are con- 
tinued into the bones, among the viscera, and even under 
the skin. From a broken bone it is possible to inflate the 
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air-sacs, and through a broken bone a bird with choked 
windpipe may for a time breathe. The whole system of 
air-containing cavities is continuous, except in the case of 
the skull bones, whose spaces receive air from the nasal 
and Eustachian tubes. The air must lessen the specific 
gravity of the bird, but a few mouthfuls of food are 
sufficient to counteract the lightening Moreover, in many 
small birds of powerful flight, all the large bones, or all 
except the humerus, contain marrow, and are therefore not 



Fig. 375. — Position of wings in pigeon at maximum elevation 
From Marey. 

“ pneumatic ” ; and the hornbill, which has no great power 
of flight, IS one of the most pneumatic of birds. It is 
certain that in ordinary flight the lightest of birds has to 
keep itself from falling by constant effort The air-sacs 
increase the bird’s respiratory content, secure more perfect 
aeration of the lungs, and assist in internal perspiration, 
thus helping in the regulation of the body temperature. 

To cany the weight of the bird, the wings strike vertically , to cairy 
the bird onwards, they strike obliquely. Sometimes the diiection of the 
stroke IS more vertical, and then the bird mounts upward; sometimes 
it IS more oblique, and then the bud speeds onwards , usually both 
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diiectionb aie combined The laising of the wing aftei each stroke 
requires lelatively little effort, the resistance to be oveicome being 
very slight. In steeling, the featheis of the tail often beai to the 
wings a 1 elation compaiable to that between i udder and sail 



\ 


Fig 376.- — Wings coming do\^n — Fiom Maie} 

Modes of flight , — Theie aie thiee chief modes of flight . — 

I By gliding or skimming, dining which the bud has its wings 
spread, but does not flap them, depending foi its movement on the 



Fig. 377 —Wings completely depressed — Fiom Marey. 

velocity acquned by previous strokes, by descending fiom a highei 
to a lower level, or by the wind. This may be icadily observed in 
gull and heron, in a pigeon gliding from its loft to the giound, or in 
a falcon swooping upon its quarry. 
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3. By active strokes of the wings, in which the wings move down- 
ward and forwaid, backwaid and upwaid, m a complex curve. This 
IS of course the commonest mode of flight 

3 By sailing 01 soaring with motionless spiead wings, in which the 
biid does not necessarily lose in velocity, or in veitical position, as is 
die case in gliding It is illustrated by such buds as crow, falcon, 
stoik, albatioss, and has been obseived only when theie was wind 

Song" of birds. — Singing is a natuial expiei>sion of emotional 
intensity It is iichest at the bleeding season, and is always best and 
often solely developed in the males But song m any excellence is the 
gift of compaiatively few buds, though nearly all have a voice of some 
soil, often so chaiacteiistic that the species may be lecogmsed by its 
call. The paiiot and the jackdaw, and otheis, can be taught to 
pronounce aiticulate woids , and the powei of imitation is widespiead 
among buds, which aie notorious plagiarists. This power of imitation 
is impoitant in relation to the general theoiy of instinct, for the song of 
all buds IS piobably in great pait imitative, though to a limited extent 
mheiited Young buds taken away from then nests when very young, 
so that they have haidly heaid the voices of their kind, may utter the 
characteiistic note of the species, but they sing the song imperfectly 

Many buds, apait fiom those who have been educated, have “ woids/’ 
expiessmg pleasuie, pain, sense of danger, piesence of food, and the 
like. But theie is a diffeience betw^een uttering woids and having a 
language, which implies the expression of a judgment 

Courtship. — Buds usually pair in the spimgtime, but theie are many 
exceptions A few, e ^ some of the buds of prey, live alone except at 
the pail mg time , otheis, notably the doves, always live together in 
pairs ; many, such as lOoks, pariots, and cianes, aie sociable, gregaiious 
birds. A few, like the fowls, aie polygamous , the cuckoo is poly- 
andious. 

In most cases, however, birds pair, and the mates are true to one 
anothei foi a season. The pairing is often preceded by a couitship, m 
which the moie decorative, more vocal males win their desired mates, 
being, according to Darwin, chosen by them Darwin attributed the 
captivating characteiistics of the males, well seen in peacocks and birds 
of paradise, or as regards musical powers m most of our own British 
songsters, to the sexual selection exercised by the females ; for if the 
more decoi alive or the more melodious males always got the preference 
in courtship, the qualities which contributed to their success would tend 
to predominate in the race He believed, moreover, that characteristics 
of male parents weie entailed on male offspring Wallace regarded the 
differences between males and females in another way, arguing that in 
the course of natural selection the more conspicuous females had been 
eliminated, brightness being disadvantageous dining incubation It 
seems likely enough that both conclusions are to some extent true, 
while there is much to be said in favour of a deeper explanation, to 
which Wallace inclines, that the secondary differences between the sexes 
are correlated with the fundamental constitutional differences involved 
in maleness and femaleness 

Nests. — After pairing, the work of nest-buildmg is begun. Almost 
all birds build nests ; the well-known habit is a characteristic expression 
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of their paiental caie Othei creatures, indeed, such as sticklebacks 
among Fishes, and squinels among Mammals, besides numerous Insects, 
build nests, but the habit is most perfectly developed among Buds. 
As IS well known, each species has its own peculiai style of nest, and 
builds it of special materials. Generally the nest is solitary, hidden in 
some private nook. The peifecLion of art which is reached by some 
birds m the making of then nests is maivellous , they use then bills and 
their feet, and smooth the inside by twisting round and round Usually 
the hen does most of the work, but her mate sometimes helps, both in 
building the nests and m hatching the young 

The nest is a cradle rather than a house, for its chief use is to secure 
an appioximately constant warmth foi the young which are being 
formed within the eggs, and to afford piotcction foi the helpless 
fledglings At the same time, the nest secuies the comfoit of the 
paient-bird duiing the days and nights of bioodmg 

The vaiiety of nests may be illustrated by mentioning the buriowed 
nests of sand-maitins and kingfishers, the ground-nests of game-birds 
and gulls, the mud -nests of house -martin and flamingo, the holes 
which the woodpeckei fashions m the tiee-stem, the platforms built by 
doves and eagles, storks and ciancs, the basket-nests of most singing- 
biids, the structuies delicately woven by the goldfinch, bullfinch, and 
humming-birds, the sewed nest of the tailor-biid, the mossy nests of 
the Wiens, the edible nest of the Collocalia, which is chiefly composed 
of mucin secreted by the salivary glands 

Eggs of birds. — When the nest is finished, the eggs aie ready to 
be laid. Aftei they are laid, the patience of bioodmg begins With 
the great care that Birds take of their young we may associate the 
comparatively small number of the eggs , but there are probably othei 
reasons why the number of offspring deci eases as animals become more 
highly evolved 

The size of the egg usually beais some relation to the size of the bnd. 
Of European birds, the swans have the largest eggs, the golden-crested 
wrens the smallest. It is said that the egg of the extinct Aloa some- 
times measuied 9 in. m breadth and 12 in. m length , while that 
of the extinct JEpyarnis held over two gallons, some six times as 
much as an ostrich’s egg, or a bundled and fifty times as much as 
a fowl’s Yet the size of the egg is only generally proportional to that 
of the bird ; for, while the cuckoo is much larger than the lark, the eggs 
of the two are about the same size ; and while the guillemot and the 
raven are almost of equal size, the eggs of the former aie m volume 
about ten times larger than those of the latter The eggs of buds 
w'hose young are rapidly hatched and soon leave the nests are large. 
Professor Newton lemaiks that ‘‘the numbei of eggs to be covered at 
one time seems also to have some relation to their size,” while from 
what one notices in the poultiy-yard, and from a compaiison' of the 
habits of different birds, it seems probable that a highly nutritive, 
sluggish bird will have larger eggs than a bird of more active habit and 
sparser diet 

The shell of the egg is often very beautifully coloured , there is a 
predominant tint upon which are spots, streaks, and blotches of varied 
colour and disposition, so that the egg is almost always characteristic of 
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the species. The colouring mattei consists of pigments related to those 
of the blood and the bile, and is deposited while the shell is being 
formed in the lower part of the oviduct. As the eggs may move befoie 
the pigments arc fixed, blotchings and maiking^ natmally result. But 
the most inteiestmg fact m regard to the colouimg of the egg-shells 
IS that the tints aie often piotectively harmonious wuth those of the 
surroundings. Thus eggs laid almost on the ground are often brownish 
like the soil, those laid in locky places by the sea often look very 
like stones, while conspicuous eggs are usually found m covered 
nests. 

The state of the newly hatched young is veiy vaiious. Some are 
born naked, blind, and helpless, and have to be carefully fed by their 
parents until they are fully fledged. This is true of the thrush and of 
many other song-birds Others are born covered with down, but still 
helpless ; while a few, like the chicks, are able to run about and feed 
themselves a few minutes after they leave the egg Those which 
requiie to be fed and brooded ovei are sometimes called Altrices or 
Insessores, while those which aie at once active and able to feed them- 
selves aie called Pic-ecoces or Autophagje. 

Moulting*. — Every year birds lose then old feathers This moulting 
generally takes place after the fatigue of the breeding season, but in the 
case of the swallows, and the diurnal birds of prey and some others, the 
moult IS in mid-winter The piocess is comparable to the casting of 
scales in Reptiles, and to the shedding of han in Mammals. Featheis 
aie so easily injured that the advantage of the annual renewal is 
evident, especially when it takes place just befoie the time at which it 
may be necessary to set foith on a long migiatory flight 

In moulting, the featheis fall out and are leplaced gradually, but 
sometimes they are shed so rapidly that the bird is left very bare ; 
thus moulting ducks aie unable to fly. There are many birds that 
moult, more 01 less completely, more than once a year ; thus the 
garden warbler sheds its feathers twice The males of many biight 
buds assume special decorations after a partial moult which occuis 
before the time of pairing Most remarkable is the case of the 
ptarmigan, which changes its diess thiee times in the year after the 
breeding season the plumage becomes grey ; as the winter sets in it 
grows white, and suited to the sui rounding snow ; in the spring, the 
season of courtship, the mottled brown wedding lobes are put on 

Diet. — The food of biids vanes greatly, not only in diffeient kinds, 
but also at diffeient seasons Many aie herbivoious, feeding on the soft 
green paits of plants, and in these birds the intestine is long Some 
confine themselves to giain, and these have large ciops and strong 
grinding gizzards, while those which combine ceieals and insects have 
in most cases no ciop A few sip honey, and may even help m the 
cross-fcrtihsation of floweis ; those that feed on fimts play an impoitant 
part in the dissemination of seeds , those that devour insects are of 
great service to man In fruit-eating and inseclivoious birds the crop 
IS usually small, and the gizzard only slightly muscular But many 
birds feed on worms, molluscs, fishes, and small mammals , in these 
the glandular part of the stomach is more developed than the muscular 
part. The natiue of the stomach in the Shetland gull changes twice 
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a }eai, as the bud changes a summei diet of giain and seeds foi a 
\Mntei diet of fidi, and znte versa. In the case ot canaiies, bullfinches, 
pairois, etc , it has been noted that the food influences the colouiing of 
the plumage 

Higration of birds. — INIigiation lemains in no small degiee a 
zoological mystery. On ceitain points we need more facts, and even 
where facts aie abundant we but impeifectly undeistand them Let us 
first state some of the outstanding facts 

1 Most buds seem to be inoie or less inigiatoiy, but the lange 
differs gieatly It is said that the dottciel may sup on the Noith 
African steppe and breakfast next moining on the Aictic tundia , and 
although the alleged rate may not be demonstiable, there is no doubt 
that a distance of about 2000 miles is tiaveised by this bud and by 
many otheis In the tiopics, on the other hand, the migration may 
simply be from valley to hillside 

2 Obseiveis in tempeiatc countiies long ago noticed that the buds 
they saw might be grouped in lefeience to then nngiations Thus 
(a) some arn\e in spimg from the South, remain to bieed, and leave foi 
the South in autumn, swallow and cuckoo in Britain, (/') some 
arrive in autumn, chiefly fiom the Noith, stay thioughout the winter, 
and fly noithwaids again in spring, e ^ the fieldfare and the ledwing in 
Biitain, (r) some — the “buds of passage” — are seen only foi a short 
time twice a year on then way to colder or warmer countries in spring 
or autumn, e sandpipeis , and (^) some seem to deseive the name of 
“residents,” but really exhibit a paitial migiation, such as the song- 
thrush and redbreast in Biitain. In Europe the spring migiation is 
on the whole noithwaids and noith-eastw^ards, in autumn souihwaids 
and south-eastwaids, but the paths aie great ciuves 

3 There is a stiilung icgiilaiity in the advent and depailuie of many 
of the migiants In spite ol the immense distances which many of oiu 
immigrants travel, and in spite of unpiopitious weathei, they are often 
punctual w'lthin a day or two to then aveiage time of ai rival foi many 
years Similaily some buds, such as the swifts, are haidly less precise 
in leaving our shoies 

4 It has been proved in a few cases that indnidual birds may find 
then way back to wheie they made their nest m pievious years Not 
less marvellous is the secmity with which the flight fiom country to 
countiy IS continued in darkness, at great heights, and over the track- 
less sea At the same time rt must be noticed that the mortality 
during migiation is veiy gieat. 

Having stated a few of the outstanding facts, let us note some of the 
interpretations and suggestions which help us to undeistand them 

The impulse to migiate is instinctive , but it is likely that there are 
always immediate causes which prompt the instinct, such as scarcity 
of food, the shortening daylight, and the increasing cold in the case of 
many birds wMch leave us m autumn It is moie difficult to recognise 
the immediate causes piompting their return In leaving Britain the 
young buds usually fly first , in returning, the sexual adults lead the 
way 

It seems likely that the origin of the migiatmg habit is wrapped up 
with the history of climates, and we can understand how the setting in 
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of glacial conditions fiom the noiih would giadiially foice buds, cenimy 
by cental y, to a longei flight southwaids And if the climatic condi- 
tions limit the area of safe and comfoi table bleeding to one countiy (the 
moic noitheily), and the possibility of food duimg wintei to another 
countiy (the moie southeily), we can undeistand, with Wallace, “that 
those buds which do not lea\e the bieeding aiea at the piopei season 
will suffei, and ultimately become e\tinct , which wall also be the fate 
of those which do not leave the feedmg aiea at the piopei time ” In 
shoit, given environmental changes of climate on the one hand, and a 
measuie of plasticity and initiative on the pait of the oiganism, the instinct 
of migrating would be perfected in the course of natuial elimination 
But while this view is so fai satisfactory, it leaves us face to lace with 
the pioblcm how buds migiate as safely and smely as they do on their 
pathless way Foi to point out that the merciless elimination which 
continually goes on keeps up the standaid of lacial fitness, leaves us 
still wondering how any became fit at all 

One welcomes theiefoie any suggestion as to the manner in wFich 
birds leain oi have learned to find then way The power has been 
compaied to the “homing” faculty of some pigeons, but most believe 
that pigeons aie guided largely by noticing landmarks, which could 
haidly be done over 10,000 miles of land, and obviously not o\ei 1000 
miles of sea, or during the night Some have uiged that birds follow 
iivei valleys, the lines of old “land budges” connecting continents, 
the loll of the waves, and so forth, but the difficulty remains of flight by 
night and at veiy gieat heights Attractive is the suggestion that buds 
are guided by what may be called a “ tiadition ” based on experience , 
those guide well one yeai who have followed well in pievious }eais. 
But many young buds fly apait fiom Iheir parents, and some buds do 
not fly m flocks at all. Moi cover, it is difficult to undeistand how the 
experience could be gained except by sight, which in many cases is 
excluded by the darkness. In face of these difficulties, many authoiities, 
such as Professor Newton, have been led to believe that birds have, m 
an unusual degiee, “ a sense of direction.” 


Development of the Chick 

The ovarian ovum of the hen is a large spheiical body, consisting 
chiefiy of yolk, but exhibiting at one region a disc of foimative proto- 
plasm with a large nucleus. The ripe ovarian egg is sui rounded by a 
vitelline capsule, mainly due to the follicular theca in which it is formed 
There is an innermost non-cellulai membrane, then an epithelium, then 
a connective tissue outer membrane The ripening of the egg is 
accompanied by the disappeaiance of the nuclear membiane, and also 
by the formation of polar bodies, but the details of the piocess aie 
obscure. 

Either before it leaves the ovary, or in the upper pait of the oviduct, 
the egg IS fertilised by a spermatozoon During its passage down the 
oviduct it undergoes two sets of changes On the one hand it is sur- 
rounded by various envelopes added to the delicate vitelline membiane 



Fig 378 —Stages in development of chick.— Aftei Marshall. 

1 Ses^mentation, superficial view of blastoclei m 

2 Vertical section of blastoderm Ep , Epiblast \lc , lowei layei 

01 cells ; s g c , sub-germinal cavity ; y . yolk 
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with which It IS already m\ested ; on the other hand, segmentation goes 
on rapidly m the foimative aiea. 

The fully loiined and laid egg is suriounded by a firm poious shell of 
caibonate of lime, and beneath this thcie is a double shell membiane, 
the two layeis of which aie separated at the bioad end of the shell Lo 
form an an-chambei. This chambei glows larger as development pio- 
ceeds, and is of some impoitance in connection wuth lespiration, as an 
intermediate legion between the embiyo and the external medium 
Beneath the shell membianes lies the albumen, oi “white of egg,” 
which is secicted by the thin-vA ailed region of the oviduct , m it he tvvo 
spirally-twisted cords or chalazr?e, produced by the rotation of the egg in 
the oviduct. Within the enveloping 
albumen lies the ovum proper, wnth 
Its enormous mass of yolk The 
^olk is not homogeneous, but con- 
sists of two substances, known le- 
spectively as white and yellow yolk 
The white >olk forms a central flask- 
shaped mass, and occuis also as thin 
concentric layers m the yellow yolk 

The minimum temperatuie at 
which a hen’s egg will develop noi 
mally is 28° C. If the tempeiature 
fall below this, development stops. 

In early stages the inteiiuption may 
last for days without fatal lesults, 
though always with a tendency to 
induce subsequent abnormalities 
Towards the end of incubation more 
than a day’s cooling is usually quite fatal 

On the uppei surface of the yolk, in whatever position the egg be 
held, lies the segmented blastoderm, whose exact origin we must con- 
sider more precisely. 

As we have seen, yolk is to be regarded as an inert and passive sub- 
stance In the hen’s egg we have an increased specialisation along 
the line indicated by the egg of the frog. For there is a small patch 
of formative protoplasm at one pole, and a large aggregate of yolk 
composing the remainder of the egg. In consequence, the activity of 



Fig. 379 — Diagrammatic section 
of egg — After Allen Thomson 

g 7J , Position of germinal vesicle , 
ac^ air-chamber, V, >olk (al- 
ternate layers of “yellow” and 
“ white ”)j > chala?a. 


3 Diagrammatic surface view ct p , Area pellucida , a 0 , area 

opaca , Hp i neuial groove , p 7 , primitive streak , AI , meso- 
blast spreading over yolk 

4 Diagrammatic surface view at later stage, a p , Area pellucida , 

a 0 , area opaca ; w , mesoblast segments , / j , primitive 
streak The dark border shows the spreading of the mesoblast 
over the yolk 

5. Cross-section jt.c .Spinal cord , 9^ , rudiment of spinal ganglia, 

N notochord, m p mesoblastic plates, A , aorta; Am ^ 
amnion fold , c , coelom or pleuio-peritoneal cavity 

6. Embryo Cb , Cerebellum , , ear , , heart , fl , fore-hmb , 

h I , hind-limb , y s , stalk of cut-off yolk-sac ^ Al allantois , 
K , eye , C , cerebrum On the doisal surface the mesoblastic 
somites are indicated 
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the pioloplasm is unable to oveicome the meitia of the yolk, and 
segmentation is meioblastic and discoidal (cf Elasmobianchs] 

In the piotoplasm of the egg hoiizontal and veitical iiiuovvs appeal 
in lapid succes^Dion The lesult, as exhibited by -veitical sections, is 
to pioduce an uppei epithelial layer of cells, sepaiated by a small 
space fioin laiger, moie ii regular cells, -wdiich aie still m ctmnection 
with the yolk on which they he. At the ciiculai bolder of the 
geiminal disc the two sets of cells aie continuous. Accoiding to some 
authoiities, this stage lepiesents the blastula, the uppci layei of cells 
coi responding to the cells of the animal pole m the hog, the lowci 
with the enormous mass of yolk on -which they he to the cells of the 
vegetative pole, the space to the segmentation cavity 

At the next stage there appeals a ciescent-shaped gioove. In this 
legion theie is an mgiowth of cells, which piobably icpiesents a 
modified piocess of gastuilation, and results in the obliteiation of the 
segmentation cavity, and the foimation of a “ stib-germinal ” cavity or 
aichenteion The floor of the sub-geiminal cavity is formed by the yolk, 
in r\hich, by a piocess of suppleinentaiy cleavage, yolk-nuclei appeal 
This condition is that attained when the egg is laid. On suiface view 
we see a cential ill-defiried “pellucid area” This, which becomes 
much moie distinct dining the eaily houis of incubation, is the aiea of 
the blastoderm which oveilies the sub-germinal cavity, and is contiasted 
with the sunoundmg “opaque area,” rvhich lies diiectly on the yolk 
At the poster 101 legion of the opaque area, as aheady noted, iheie is 
the ciescentic gioove, wheie the outer and innei layeis aie continuous. 

After the commencement of incubation, the blastodeim spreads 
lapidly over the yolk, chiefly by the extension of the aiea opaca ; the 
area pellucida meanwhile elongates and becomes oval 

Another impoitant change which also occurs in the eaily hours of 
incubation is the comeision of the tiansveise ciescentic gioove into the 
longitudinal primitive streak The precise meaning of this change is 
difficult and unceitam, but there seems no doubt that the piimiUve 
streak lepiesents the anteiior lip of the blastopore of the fiog. It runs 
down the centre of the area pellucida and is maiked by a cential furiow, 
the primitive gioove At its sides two wings of cells aie obvious ; these 
soon spiead out laterally and anteriorly, and constitute the mesoblast. 
All three layers of the embryo aie connected at the sides of the 
pimiitive stieak, as at the margin of the blastopore m the fiog 

In the legion in front of the primitive stieak, a low of hypoblast 
cells becomes diffeientiated to form the notochoid At its sides the 
sheets of mesoblastic cells split into an innei or splanchnic layer, and an 
outer or somatic layer. A little latei the mesoblast divides into the 
segmentally arranged mesoblastic somites, lying at the sides of the noto- 
choid, and the unsegmented lateral plate, whose outer and innei walls 
form the corresponding boundaries of the coelom. 

At the time when the notochord has appeared internally, the external 
epiblast becomes differentiated to form the medullary groove, which 
gives rise in the usual way to the medullary canal. The folds at fiist 
diveige posteriorly on either side of the pumitive streak, but as the 
union travels backwards, this is included in the medullary canal, and so 
disappears. 
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Dining the couise of the second day the embiyo seems to sink 
faithei into the yolk, while both anteriorly and posteiiorly double foldsj, 
known icspectively as the head and tail folds, use up In the course 
of then development the embryo becomes completely ‘‘folded off’’ 
fiom the yolk. At a slightly latei stage, side folds also appeal , all the 
folds now consist of a double layei of somatic mesoderm covered by 
epi blast The folds meet above the back of the embiyo and coalesce. 
The innci layei foims the tiue amnion, the outei the false amnion or 
subzonal membiane Into <-he space between the amniotic folds, a 
diveiticuhim fiom the posteiioi legion of the gut, the allantois, glows 
out 

Befoie the end of the fiist day, 
blood vessels begin to be developed 
in the extia-embiyonic legion of 
the blastodeim. These foim the 
beginning of the vitelline vessels, 
which aie of gieat importance in the 
eaily stages of development, and 
have piobably at fiist some lespiia- 
toiy impoitance As development 
pioceeds, the allantois mcieases 
gieatly, and, fusing wuth the sub- 
zonal membrane, appioaches close 
to the egg-shell. It has a laige blood 
supply, and functions as an organ of 
lespiiation, in addition it absoibs 
the white of egg, thus seivmg as an 
organ of nutiition , it also leceives 
deposits of mates, thus functioning 
in connection with excretion. 

We ha\e spoken of the ‘‘folding 
off” of the embryo , as a lesult of 
this, the embiyo is attached by a 
iclatively naiiow stalk to the laige 
yolk-sac, ovei wdnch the blastodeim 
IS now slowly spreading. In this le- 
spect the embiyo stiongly resembles 
that of the dogfish , it diffeis from 
the lattei in the presence of the 
overaiching amniotic folds, and 
in the lespiratoiy allantois, which functionally leplaces the protiuding 
gills of the young dogfish. In the young tadpole the yolk lies heaped 
up on the floor of the gut, and causes a certain amount of distortion. 
In the chick, as in the embryo dogfish, the amount of yolk is so gieat 
that it foims a hernia-like protrusion of the gut, and only at a veiy late 
stage IS the greatly reduced sac withdrawn into the body cavity, after 
w^hich the deimal and intestinal umbilical openings aie closed. 

The chick embiyo never exhibits any trace of gills, but the gill-clefts 
perforate the pharynx. The embryonic oigan of respiration is the 
allantois, but that arrangement of aortic arches hy means of which in 
the tadpole blood is carried to the gills is repeated here. 



Fig 380. — Diagiammatic section 
of embryo within egg — After 
Kennel. 

D , Yolk-sac , d , wall of yolk-sac , da , 
gut of embryo , al , al ' , inner and 
outer wall of the allantois , am , 
amnion pioper (the reference line 
should extend farther inwards), a , 
within amniotic cavity , j , subzonal 
membrane , I is placed within the 
extra -embryonic body ca\ity into 
which the allantois glows 
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xVbouL the twentieth day the beak, which has a hard “ tooth ” on the 
tip, peiforates the membranes of the air-chamber, and the an, rushing 
in, expands the hitherto functionless lungs. At the same time impoit- 
ant changes occur in the circulatory system, ‘Uhe umbilicus becomes 
completely closed, the allantois shiivels up, and the chick, pieicing 
the bioad end of the shell with lepeated blows of its beak, steps out 
into the woild.” 


Classification of Birds 

I Sub-Class A RCH.LORNITHES or Saurur/K Ancient extinct birds, 
connecting Birds and Reptiles 

The oldest known bird is Archcsopteryx, two specimens of which 
have been found in the Solenhofen Lithogiaphic Slone (Upper Jurassic) 
ofBavaiia. “The stone is so fine-grained that, besides the bones of 
the wmgs, the furculum oi merrythought, the pelvis, the legs, and the 
tail, we have actually casts or impiessions on the stone (made when it 
was as yet only soft mud) of all the featheis of the wmgs, and of the 
tail ” — Nicholson and Lydekker, 

This link between Birds and Reptiles seems to have been a land bud 
about the size of a ciow. The skull is like that of a typical bud The 
upper jaw shows thirteen pairs of conical teeth, the lower about three 
pairs They are embedded in sockets Each of the twenty vertebim 
of the long tail bears a parr of lateral rectnees — a unique airangement 
There is no pygostyle The vertebrae seem to have been either 
amphicoelous or with flat ends ; the ribs are very slender, without 
uncinate processes, there seem to have been “abdominal ribs” ; the 
sternum is not clearly known, there is a U-shaped fuicnla The 
metacarpals seem to have remained separate, the hist finger has 
two phalanges, the second three, the third three or four, and all are 
clawed. There is a tarso-metatarsus and foui toes, as in the pigeon. 

II Sub-Class Neornithes 

The metacarpals are fused. The second finger is the longest, and 
the thud IS reduced. Only m Opisfhocomns are the three digits of the 
fore-limb clawed j in most cases claws are confined to the thumbs. 
Caudal vertebim are apparently not more than thirteen in number 

I Division Ratitai: Running Birds with laft-hke unkecled 
breast-bone 

The African ostrich {Strtithzo) is lepiesented by two oi ihiee species, 
at home m the plains and deserts of Afnca, and notable for their size, 
swiftness of foot, and beauty. There are but two toes, the thud and 
the fourth, \rith stunted nails There are no clavicles. The pubes 
form a ventral symphysis. The enormous size of rectum and emea is a 
unique character The ostrich is polygamous, and at the breeding 
season the hens lay the eggs, at intervals, in a hollow dug out m the 
sand by the male The eggs are incubated by both parents, but 
especially by the cock. 
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The Ameiican ostrich [Rhea] is represented by thiee species in the 
S Amencan Pampas In the Rhea there aie three toes, all clawed, 
and the ischia foim a ventral symphysis. Theie are no clavicles. 
Only heie among Ratitai is theie a w'ell-developed syrinx The cseca 
are laige. The male excavates a shallow nest in the ground, and 
theie, surrounded by a few leaves and grasses, the numeious eggs aie 
usually laid. It seems that the male bird alone hatches the eggs. 
Single eggs are often laid heie and theie on the plains, but these are 
not incubated. 

The Emu [DrovKxus) is represented by twm species in Australian 
deserts and plains The foie-limb is greatly reduced, the featheis have 
long afteishafts. Neaily related aie the Cassow^aiies {Castiarins) living 
m the Austral- Malayan region, eight species in the Papuan Islands, one 
in N -E Australia, and one in Ceiam. They live in the forests and 
scrub The foie-limb is very small, with the shafts of the wing feathers 
reduced to spines , the oidinaiy feathers have long afteishafts On 
the top of the skull theie is a homy helmet, covering a core of light 
spongy bone ; this piotects the bent head as the bud rushes thiough the 
sciub There aie three toes, the inner one with a long shaip claw — a 
foimidable weapon In Emu and Cassowary the clavicles aie repie- 
sented by separate ludiments and the Cc-eca aic small 

The {Apteryx) forms a veiy distinct genus of Ratitce, lepiesented 
by four species, restricted to New Zealand It is not larger than a 
hen, and has simple hair-like oi bristle-like feathers, a long bill and 
teimmal nostrils, a \eiy rudimentaiy wing and no clavicles, and no 
distinct tail feathers Theie aie foui clawed toes Thecoecaaie laige. 
It IS a noctuinal bud, swift and noiseless in its movements, feeding m 
gieat pait on eaith worms The egg is very large for the size of the bird. 
Among the extinct Ratitce are the gigantic Moas {Dinorms)^ which 
seem to have been exterminated in New Zealand m comparatively recent 
times. The fore-limbs were almost completely reduced, the hind-legs 
were very large, and some forms attained a height of lo ft. or even more. 

Another recently lost order of giant birds is represented by lemams 
of jFpyonus found in Madagascar. Some of these indicate birds as 
large as ostriches, but eggs have been found holding six times as much 
as that of an ostrich. 

We may think of the Ratitcc, according to W. K Parker, as “ovei- 
giown, degeneiate birds that were once on the right road for becoming 
flying fowl, but through greediness and idleness never leached the 
‘ goal,’ — went back, indeed, and lost their sternal keel, and almost lost 
their unexeicised wings ” 

2 Division Odontolc.’E. Represented by Hesperorni'^ from N 
American Cretaceous strata, somewhat like a swimming ostrich, 
with sharp teeth sunk in a gioove, with saddle-shaped cervical 
vertebrm as in modern birds, with a rudimentaiy foie-limb, but 
with a powerful swimming leg. In an English representative — • 
Enahorms — the vertebrx are chiefly biconcave. These extinct 
birds have many Ratite skeletal characters, and they have also 
Intel esting resemblances to some old-fashioned living Carinatm, 
notably the divers (Colymbidm). 
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Fig. 381 — HesJ)e7 ornls, — After Marsh. 

ST ^ Sternum, CO ^ coiacoid, CL , clavicle, // , rudimentary humerus, 
SC, scapula, T, pectineal pubic process, !L , ilium, /S,, ischmm , 
T P , post-pubis , C T ^ crest of tibia , F , fibula , 7^ 7' , base of tibio- 
tarsus , T d/ P , taiso metatarsus. 
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3 Division Carinat.-’P.. Flying Birds with a keeled bi east-bone 

ApaiL fiom the extinct types of Carmatcic, such as I Ai^/iyorms {with. 
teeth and biconcave veitebue), theie seem to be over 11,000 living 
species These maybe giouped in twenty-one oidcis, such as Passeies 
(ihiushcs, etc ), Accipities (hawks, etc ), Coltimba. (doves), Gallinm 
(plieasants, etc.), Gavnn (gulls, etc ), Psittaci (paiiots) Of the twenty- 
one ordeis only three aie uniepiesented in Biitam 

The old classification of buds into snatcheis, percheis, climbeis, 
scratchcis, stilt-walkcrs, and swimmeis was inteiesting and suggestive, 
but an aiiangement of this soit is bound to be misleading, since buds 
of very different structiiie may have veiy similai habits 

It may be of inteiest to contiast the tw’o divisions of living buds. 

SOME CONTRASTS BETWEEN MODERN RATITA^ AND 
MODERN CARINATJf 

RAriT.K Cabin Ai.F. 

Running Birds, with wings more FI} mg Buds, with wings almost 

01 less degeneiate and unused in always well exercised in flight, with 
flight, withakeelless raft-like breast- a keeled bi east-bone. 

bo'iie (The keel is ludimcntaiy in the 

New Zealand panot SfriNgoJis, m 
the exteimmated Dodo (Didt^s), 
and m the extinct — one of 

the lails d'he penguins do not fly 
at all , the Tinamou, the Hoatzm, 
and some othei buds, fly vety little ) 
The skull IS diomoeognathous, Except in the Tmamous, the 

2 e, the vomei is interposed between skull is nevei di omreognathous, 

the palatines, the ptciygoids, and t e. the vomei is not fused with 
the basisphenoidal rostium. the ncighboming bones of the 

palate, and the palatines ai ticnlate 
with the basisphenoidal 1 ostium 

The sutuies in the skull leniain Ihe sutures in the skull almost 

foi a long time distinct The alwa}s disappeai \ery early The 

quadiate articulates with the skull quadrate aiticulates by a double 
by a Single head. head. 

The long axes of the adjacent The scapula and coiacoid meet 
poi tions of the scapula and coiacoid almost at right angles, and aie 

lie almost m the same line, 01 form connected with one anothei by 

a very obtuse angle, and the two ligament only 
bones are lused 

The clavicles aie small 01 absent The clavicles aie in most cast's 

vciy well developed 

The ilium and ischium are not The ilium and ischium unite, 
united behind, except m old Rheas enclosing a sciatic foi amen. Usually 
and Emus. No pygostylc a pygostyle. 

The feathers of the adult have The barbs of the featheis aie 
free baibs, the barbulcs have no generally united, the bat biiles have 
hooks There is no oil gland, hooks Theie is usually an oil 
except m the kiwi. There aie no gland. 

1 cgularly an anged pterylm. 

The male has a penis The male has larely a penis. 

The young are always prmcoces The young may be prmcoces or 

altnces. 
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Pedigree. — ^ Birds have many structuial affinities with 
Reptiles I some of the ancient Dinosauis piesent approxi- 
mations to Birds j the extinct flying Pterodactyls show that 
It was possible for flight to be developed among Reptiles ^ 
the oldest bird — Archceopteryx — is in many ways a 
connecting link between the two classes ^ and the develop- 
ment of some Buds reveals many remarkable resemblances 
with that of Reptiles, — therefore, with the strength of the 
general argument for evolution to corroborate us, we 
conclude that Birds evolved from a Reptile stock. 

Speaking of his work on the development of the fowl, 
W. K. Parker wrote in 1868. ‘‘Whilst at work I seemed 
to myself to have been endeavouring to decipher a 
palimpsest^ and one not erased and written upon again 
]ust once, but five or six times over Having erased, as it 
were, the characters of the culminating type — those of the 
gaudy Indian bird — I seemed to be amongst the sombre 
Grouse \ and then, towards incubation^ the characters of the 
Sandgrouse and Hemipod stood out before me. Rubbing 
these away, in my downward work the form of the Tinamou 
looked me in the face ^ then the aberrant Ostrich seemed 
to be described in large archaic characters ; a little while, 
and these faded into what could just be lead off as 
pertaining to the Sea Turtle, whilst underlying the whole, 
the Fish, in its simplest Myxinoid form, could be traced in 
morphological hieroglyphics.” 

More than twenty years later, the same accomplished 
embryologist described the development of the “Reptilian 
Bird ” — Opisthocomus cristatus. In this form the unhatched 
chick has a paw-like hand, three clawed fingers and a 
rudiment of a fourth, a wrist of numerous carpal elements, 
and many other features suggestive of reptilian descent. 
It IS not surprising, then, that to Parker a bird seemed 
as “a transformed and, one might even say, a glorified 
Reptile.” 

It IS likely, then, that Birds arose from an ancient Saurian 
stock, but by what steps and under what impulses we do 
not know. To some it seems enough to say that the 
evolution was accomplished gradually in the course of 
natural selection by the fostering of fit variations and the 
elimination of the disadvantageous ; to others it seems that 
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the incipient birds were ^'‘fevered representatives of reptiles, 
piogressing in the direction of greater and greater con- 
stitutional activity”, but both these suggestions leave 
much in the dark, leave us still to “wonder how the 
slow, cold blooded, scaly beast ever became transformed 
into the quick, hot-blooded, feathered bird, the joy of 
creation.’’ 



CHAPTER XXVI 


Class MAMMALIA 

I. Prototheria; 2. Metatheria; 3. Eutheria 

Birds and Mammals have evolved along very different 
lines, Birds possessing the air and Mammals the earth, and 
it is difficult to say that either class is the higher. But 
apart from the fact, which prejudices us, that man himself 
is zoologically included among Mammals, this class is 
superior to Birds in two ways — in brain development, and 
in the relation between mother and offspring. In most 
Mammals there is a prolonged organic connection between 
the mother and the unborn young, which may have been, 
as Robert Chambers suggested, one of the conditions of 
progress. It is also characteristic of Mammals that the 
young are nourished after birth by their mother’s milk, and 
it has been suggested that the usually prolonged infancy 
was one of the factors in the evolution of the humaner 
feelings. It^ is certain at least that the carefulness and 
sacrifice of the mothers has been one factor in the survival 
and success of Mammals, and we may find in the term 
Mammalia, which Linnaeus first applied to the class, a hint 
of the idea that in the evolution of this class the mothers 
led the way. 


General Survey of Mammals 

There are three grades of Mammalian evolution : — 

A. The duckmole {Ornithorhy?ickus) and the spiny 
ant-eaters {Echidna and Froechidna) differ very markedly 
from all other Mammals. The young are hatched outside 
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of the body ^ in other words, the mothers are oviparous. 
The brain is pooily developed when compared with that 
of other Mammals Some of the chaiacteristics of the 
skeleton, etc , suggest Reptilian affinities To this small 
sub-class the titles Prototheria, Ormthodelphia, and Mono- 
tremata are applied. 

B The kangaioos and bandicoots, phalangers and 
opossums, and the like, foim the second sub-class. In 
these the young are born prematurely after a short gestation, 
during which the organic connection between the mother 
and the young is compaiatively slight. Most female 
Marsupials have an external pouch or marsupium, to which 
the tender young are transferred, and within which they are 
nourished and protected for some time. Moreover, the 
brains even of the most intelligent Marsupials are not so 
well developed as those of higher Mammals. To this 
heterogeneous sub-class the titles Metatheria, Didelphia, and 
Marsupialia are applied. 

C. In all the other Mammals there is a well-developed 
allantoic placenta uniting the unborn young to the mother, 
while m Marsupials this is only known in Pe7'ameles, where 
it is of relatively little importance. It is among these 
placental Mammals that the brain begins to be much con- 
voluted,-— as it were, wrinkled with thought. To this 
sub-class the titles Eutheria, Placentalia, and Monodelphia 
are applied. 

Among the extant oiclers of placental Mammals the Edentata and 
the aichaic Suenia stand very much apait The lest may be pro- 
visionally giouped in three sets, perhaps repiesenting three mam lines 
of evolution. 

On one side we place the gieat scries of hoofed animals or Ungulates, 
including — {a) those with an c\en number of toes (Artiodactyla), such 
as pigs, hippopotamus, camels, cattle, and deei ; [b) those with an odd 
number of toes (Peussodactyla), such as tapir, rhinoceros, and horse; 
(0 the elephants (Pioboscidea) , [d) the Plyiaxes (Hyiacoidea) And 
not far fiom the Ungulates it seems legitimate to lank (a) the whales and 
dolphins (Cetacea), and (b) the labbits and hares, rats and mice, etc. 
(Rodentia) 

On the other side we place the great seues of Cainivora, such as cats, 
dogs, bears, and seals. Beside these may be ranked the Insectivoia, 
such as hedgehog, mole, and shrew, and the bats or Chiroptera, which 
seem to be specialised InsecLivores. 

In the middle we place the series which, beginning with the Lemurs, 
leads through various grades of monkeys to a climax m man. 
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But it must be caiefully noted that these oideis aie often linked by 
extinct types Thus, to take one instance only, it is believed by some 
that the extinct Phenacodtts has affinities with Ungulates, Cainivoies, 
and Lemiiis. 


General Characters of Mammals 

All Mammals are quadrupeds^ except the Cetacea?is and 
SirenlanSj in which the hind-limbs have disappeared^ leaving 
at most internal vestiges. There is generally a distinct neck 
between the head and the trunks and the vertebral column is, 
in most cases, prolonged into a tail. 

Hairs are never entuxly absent. In most they fomn a thick 
covering, but they are scanty tn Si?'enians and in the hippo- 
potamus, and almost absent in Cetaceans, in which they are 
sometimes restricted to early stages in life. The skin has 
abundant sebaceous and sudorific glands. In the female, 
milk-giving or mammary glands develop as specialisations 
of sebaceous glands, except in Monotremes, where they are 
nearer the sudorific type. 

A complete muscular partition or diaphragm separates the 
chest cavity, containing the heart and lungs, from the abdominal 
cavity, and is of great importance in respiration. 

The vertebrcB and long bones have terminal ossifications or 
epiphyses, absent or very rudimentary, however, in the vertebrae 
of Monotremes and Sirenia. The centra of the vertebrce have 
generally fiat or slightly rounded faces, and there are usually 
seven cervical vertebrce I 

The bones of the skull are firmly united by sutures, which 
generally persist. Only the lower jaw, the ear ossicles, and 
the hyoid are movable. There ai'e two occipital condyles, as in 
Amphibians.'^ The lower jaw o?i each side consists, in adult 
life, of a single bone which works on the squamosal ; the 

^ In the Manatee there are, however, only six ; the pangolin Mams 
has sometimes eight j and it is often said that the two-toed sloth 
{C/iolcepus hoffmanni) has only six, and the three-toed sloth {Brady pus 
trtdactyhis] nine , but m the case of the sloths there is apparently con- 
siderable variation It will be noticed that these deviations from type 
occur only in the case of the two most old-fashioned ordeis of Eutherian 
Mammals. 

^ It may be noted, however, that for various reasons, e.g. that some 
Birds and Reptiles aie not veiy clearly single-condyled, morphologists 
no longer attach so much importance to this character as they once did. 
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quadrate which interve^ies in Sauropsida has disappeared^ or 
has been shunted to become one of the ear ossicles. For it is 
a plausible theory of the three ossicles — malleus.^ incus^ and 
stapes — which connect the drum with the inner ear^ that they 
correspond respectively to the articular.^ quadrate^ and columella 
or hyo-mandibular of other Vertebrates ^ The otic hones fuse 
with each other to form a compact periotic. A bony palate^ 
formed from premaxillce.^ maxiUce^ and palatines^ separates 
the buccal cavity from the nasal passages. In most cases thei^e 
are teeth, borne in sockets by the p7‘emaxillce, maxi lice, and 
mandible 

Except in Monotremes, the coracoid is represented by a 
small process from the scapula, and sometimes by a small 
ossification, forming part of the glenoid cavity in which the 
head of the humerus works. The sternum includes — (a) a 
prcesternum, with which the clavicles {if well developed) 
articulate; (b) a mesosternum divided into segments, with 
which the sternal parts of the ribs articulate j and (c) a 
xiphisternum, often cartilaginous. There are generally two 
sacral vertebrce, but several can dais, and 7nore rarely a 
lumbar, may he fused to these. The ilio-sacral articulation 
is in front of the acetabulum. The ventral symphysis is 
usually restricted to the pubes, but in some Insectivores and 
Bats these do not meet. Except in Echidna, the acetabulum 
is completely ossified, and there is often a special acetabular 
hone. The ankle joint is cruro-tarsal. 

The cerebral hemispheres have usually a convoluted surface, 
and always cover the optic thalami and the optic lobes [now 
fourfold corpora quadrigeminci), and in higher forms the 
cerebellum as tv ell. The commissural system is well developed, 
being especially represented by a large corpus callosum, except 
hi Monotremes and Marsupials, in which the anterior com- 
missure IS large and the corpus callosum absent or very small. 
There is also an important set of longitudinal fibres called the 
fornix. 

Except in Monotremes, in which there is a cloaca, the food 
canal ends separately from the urogenital aperture 

The heart is four- chambered, and the temperature of the 
blood is high, though lower than that of Birds. There is but 

^ Theie are many other theones as to the quadrate, e.g. that it forms 
the malleus. 
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one aortic trunk, which cuives over the left hi'onchiis. The 
7-ed blood corpuscles are, when fully formed, non-nucleated, 
and appear as slightly biconcave discs, circular in outline, 
except in the Camelidce, tvhere they are elliptical There is 
no renahportal system. 

Mammals are warm-blooded or stenothermal, 1 e. their 
body-temperature does not change until that of the surrounding 
medium. In tins they agree with Birds, and differ from other 
Vertebrates, which are cold-blooded or poikilothermal. 



BO, Basioccipital , EO , exoccipital , C, condyle, SO, 
supraoccipital , Pec; , panetal , Fy , frontal , F'a , nasal , Pwa , 
prenia\illa , J/E , mescthmoid , L , lachrymal , Ttc , turbinal , 
PS, presphenoid, OS, orbitosphenoid , AS., alisphenoid, 
BS , basLsphenoid , , squamosal, P , periotic, T, tympanic, 

PI , palatine, Ft , ptcij^goid, Mx , maxilla, Jit , juqal , 7 // , 
tjrapano-h^al , S H , stylo-hyal , EH, epi-hyal, C //., ceiato- 
hyal , B H , basi-hjal , Th H , thyio-hyal 


The lungs ai'e invested by plcin'al sacs, and lie freely 
in the chest cavity. Within the lungs the bronchial tubes 
fork repeatedly into finer and finer branches. At the top 
of the trachea there is a complex larynx with the vocal 
chords. 

The kidneys a?'c genei'cilly compact and rounded bodies j 
the ureters open into the bladder, except in Monotremes, in 
which they enter a urogenital sinus. Except in Monotremes, 
the outlet or urethiui of the bladder unites in the male with 
the genital duct, to form a urogenital tanaf in the female, 
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except in Monot^-enies and a few other cases, the urethra and 
the genital duct open into a common vestibnle. 

In the more primitive Mammals the testes lie in the 
abdomen, in the majority they descend peimancntly (or in a 
feiv cases tempo? aifly) into a single or paired scrotal sac, 
lying, except in Maisupials, behind the penis 

The ovaries a?‘e small. Except in Monotr ernes, the genital 
ducts of the female ai'C diffeixntiated into — (a) Fallopian tubes, 
which catch the ova as they biii'St fi'om the ovaries , (b) a 
utc? me poi tion in which the young develop ^ and (c) a vaginal 
portion ending in the urogenital apeiiime In Monotremes 
the two ducts are simple, and open sepai’ately into the cloaca , 
in Marsupials there are two uteii and two vagi me , in 
Eutherian Mammals the uterine regions are more or less 
united, and the vaginal I'egions a?'e always completely fused. 

In Monotremes the eggs are large and rich in yolk , in all 
others they a?'e small and almost yolkless. In the ovary each 
ovum lies embedded in a nest of cells, within a swelling or 
Gi’aafian follicle, which eventually bursts and liberates the 
egg-cell. In Monotirmes the segmentation, as might be 
expected, is me?‘oblasiic , in other cases it is holoblashc. As in 
Saui'opsida, there ai'c two foetal memlmmes — the amnion and 
the allantois, both of 7vhich shair in forming the placenta of 
the Placental Mammals. In Marsupials the allantois is 
usually small and degene?‘ate 

The Monotremes a?‘e oviparous , the Marsupials biing 
forth their young piematurely after a shoft gestation, hut a 
true allantoic placenta may be lepresented, as in Perameles , 
the Eutherian Mammals have a longer gestation, during 
which the young ai'e vitally connected to the wall of the uterus 
by means of the placenta, which is always well developed, and 
of great importance m the nutiution of the emb?yo. 

In all Mammals the young aix for a longer or slimier 
period dependent upon the milk secreted by the mammary 
glands of the jnother , in Marsupials this dependence is 
especially marked. 

The Rabbit as a type of Mammals 

The rabbit (Lepus cuniculus) is a familiar representative of 
the Rodent order, to which rats and mice, voles and beavers. 
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lemmings and marmots, also belong Like the hare {Lepns 
timidui) and other species of the same genus, and like the 
Picas or tailless hares {LagGmys\ the rabbit has two pairs of 
incisors in the upper jaw, while other Rodents have a single 
pair. Therefoie the genera Lepus and Lagoinys are some- 
times ranked as Duplicidentata, in contrast to all other 
Rodents (Simplicidentata). 

With the rabbit’s mode of life all are familiar. It is herb- 
ivorous, and often leaves softer food for the succulent bark 
of young trees ; it is gregarious and a burrower ; it is very 
prolific, frequently breeding four times in a year. It is said 
to live, m noimal conditions, seven or eight years. The 
rabbit seems to have had its original home in the western 
Mediterranean region, but it has spread widely throughout 
Europe, and is now abundant in regions, such as the High- 
lands of Scotland, in which, a few generations ago, it was rare. 
Introduced into Australia and New Zealand, it has multiplied 
exceedingly, and has become a scourge. There are many 
varieties of rabbit, some in isolated regions peihaps illustrat- 
ing the effect of segregation m fostering diveigent types. 
According to Darwin, the rabbits introduced early in the 
fifteenth century into Porto Santo, an island near Madeira, 
are now represented by a dwarf race of about half the normal 
size, and these are said to be incapable of breeding with the 
ordinary forms But the varieties with which we are familiar 
in the breeds of tame rabbits illustrate variation under 
domestication and the efficacy of artificial selection. 

External appearance. — The head bears long external 
ears, which are freely movable The black patch at the 
tip of the ears in the hare is either absent or very small in 
the wild rabbit. This external ear is characteristic of most 
Mammals, and collects the sound like an eai-trumpet. In 
the rabbit it is longitudinally folded, thin and soft towards 
Its tip, firm and cartilaginous at its base. The eyes have 
two eyelids with few eyelashes, and a third eyelid or nicti- 
tating membrane — a white fold of skin — in the anterior upper 
corner. This third eyelid, which also occurs in Reptiles 
and Birds, is present in most Mammals, and is of use m 
cleaning the cornea. It is absent in Cetaceans, where the 
front of the eye is bathed by the water, and it is rudimentary 
in man and monkeys, where its absence is compensated for 
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by the habitual winking of the upper eyelid. The nostrils 
aie two slits at the end of the snout, and are connected 
with the mouth by a ‘‘ hare-hp ” cleft in the middle of the 
upper lip. In fiont of the mouth are seen the chisel-edged 
incisors, a pair on the mandibles, and two pairs on the pre- 
maxilke — the smallei pair hidden behind the larger pair. 
The first milk incisors above and below never cut the gum, 
but are absoibed before biith, the second milk incisors 
above (there are none below) are functional, but are shed 
about the thiid week of extra-uterine life; the same is true 
of the milk piemolais. Into the toothless gap or diastema 
between the fiont and back teeth the hairy skm of the lips 
projects into the mouth. This generally occurs in Rodents, 
and IS said to prevent the inedible substances which they 
gnaw from passing backwards to the gullet On the sides 
of the snout, and about the eyes, there are tactile hairs or 
vibrissfe. 

The plump trunk is separated from the head by a short 
neck The tail is very short, but in the scampering wild 
rabbit it is conspicuous as a white tuft, which some 
naturalists interpret as a directive signal. Beneath the base 
of the tail the food canal ends, and beside the anus are the 
openings of the perineal glands, whose secretion has a char- 
acteristic odour. In fiont of the anus is the urogenital 
aperture, — in the male at the end of an ensheathed penis, 
in the female a slit or vulva, with an anterior process or 
clitons — the homologue of the penis. Beside the penis in 
the male he the scrotal sacs, into which the testes descend 
when the rabbit becomes sexually mature. Along the 
vential surface of the thorax and abdomen in the female 
there are four or five pairs of small teats or mammae. 

The limbs have clawed digits, five on the fore-feet, four 
on the hind-feet , they are very hairy. 

Skin and muscles. — The skin is thickly covered with 
hair, and has the usual sebaceous and sudorific glands, 
besides special glands, such as the perineal glands beside 
the anus, the glands of the eyelids, the lachrymal glands, 
and the mammary glands developed in the females. 
Between the skm and the subjacent muscles there is a 
layer of fatty tissue, known as the panniculus adiposus ; it 
IS usually present in Mammals, but absent in the common 
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hare; it forms the blubber of whales. Beneath the skin 
IS a thin sheet of muscle (the panniculus carnosus), by 
means of which the skin can be twitched, as in horses, 
etc., and when this is removed with the skin, many of the 
muscles of head and neck, limbs and trunk, are disclosed 
(see Parker’s Zootomy). 

Skeleton. — The bones, like those of other Vertebiates, 
are developed either as replacements of pie-exisleni cartil- 
ages, or independent of any such pieformations, but m all 
cases through the agency of active peiiosteal membranes. 
By themselves, however, must be lanked little sesamoid 
bones, which are developed within tendons and near joints, 
notably, for instance, the patella or knee-pan. There is no 
bony exoskeleton in any mammals except the aimadillos, 
unless we rank the teeth, which develop in connection with 
the skin of the jaws, as in a sense exoskeletal. 

The veitebrse may be grouped in five sets • — ceivical 
(seven m number), thoracic (with well - developed ribs), 
lumbar (without ribs), sacral (fused to suppoit the pelvis), 
and caudal The faces of the centia are more or less flat, 
and between adjacent vertebrae there aie mteiveitebial discs 
of fibro-cartilage. A vestige of the notochord is found in 
Mammals in the gelatinous nucleus pulposus in the centre 
of the interveitebral discs 

The first vertebra or atlas is rmg-like, its neural canal 
being very large, its centrum unrepresented except by the 
odontoid process, which fuses to the second veitebra. The 
ring IS divided transversely by a ligament, through the 
upper part the spinal cord passes, into the lower the odon- 
toid process projects. The transveise processes are very 
broad , the articular surfaces for the two condyles of the 
skull are large and deep 

The second vertebra or axis has a broad flat centrum 
produced in front in the odontoid piocess. The neural 
spine forms a prominent crest, the transverse processes are 
small, the anterior articular surfaces aie large 

A typical lumbar vertebra will show the centrum and its 
epiphyses, the neural arch and neural spine, the tians verse 
processes, the anterior and posterior articular processes or 
zygapophyses, the median ventral hypapophysis, the small 
anapophyses from the neural arch below the posterior 
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zygapophyfees, below the anapophyses the posterior inter- 
vertebral notches — passages through which the spinal nerves 
pass out, and anteriorly a similai pair of notches. There are 
twelve or thu teen pairs of ribs which support the wall of the 
thorax and aid in the mechanism of respiration. The first 
seven pairs ai ticulate with the breast-bone, the eighth and 
ninth are connected to the ribs m front, the others are ’free. 
Any one of the fiist seven or more typical ribs consists of 
two parts, a vertebral poition articulating with a vertebra, an 
imperfectly ossified sternal poition connecting the end of 

Fv 



the vertebral portion with the sternum. Each of the first 
nine ribs has a double head — the capitulum articulating 
with the centrum of the corresponding vertebra, and partly 
with that of the one in front, the tubercle articulating with 
the tiansverse process of the corresponding vertebra. The 
posterior ribs have no tubercles, and the capitular articula- 
tions are restricted to the corresponding vertebrae 

The sternum is a narrow jointed plate, with a large keeled 
prfesternum or manubrium, then five segments composing 
the mesosternum, then a posterior xiphisternum ending in 
cartilage. 
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The skii^ll consists, as in all the highei Vertebrates, of two 
sets of bones, — cartilage bones piefoimed in the caitilage of 
the original gristly brain-box and its associated arches, and 
membrane bones developing in the investing membiane and 
not pieformed m cartilage. (The names of the membrane 
bones are printed in italics.) 

We have already noticed the chief characteiistics of the 
mammalian skull, such as the usual persistence of sutures, 

the two condyles, the bony 



Fig. 384.— Dorsal view of 
rabbit’s skull 


SO , Top of supraoccipital , Ip , 
interparietal , T , tympanic , Pa , 
parietal , , squamosal , P> , 

frontal, /, jugal, Na ^ nasal, 
Pjhx,, premaxilla. 


palate, the fusion of the periotic 
bones, the articulation of the 
mandible with the squamosal, 
the fusion of the parts of 
each ramus of the mandible 
into a single bone in the 
adult, and the three ossicles 
of the ear. 

In studying the skull, it is con- 
venient to consider the bones in 
groups. 

On the posteiioi suiface of the 
skull the foiamen magnum, thiough 
which the spinal coid issues fiom the 
cianial cavity, is bounded by the 
basioccipital beneath, the exoccipitals 
on the sides, the supiaoccipital 
above. The exoccipitals foim most 
of the occipital condyles, but the 
basioccipital contiibutes a small part. 
In many Mammals the exoccipitals 
alone form the condyles. Fiom each 
exoccipital a paroccipital piocess 
descends, and is applied to the 


tympanic bulla — a dilatation at the 


base of the tympanic bone which protects the external auditoiy 


tube 


Along the roof of the skull fiom behind foiwards he the supiaocci- 
pital, parietals^ ^Qfiontals, and the nasah. Between the supia- 
occipital and the parietals theie is a small inteipanctaL 

On the very fiont of the skull are the premaxilhe^ beaiing the incisoi 
teeth. Behind each preinaxilla is a maxtUa^ bcaiing the premolais 
and molars ; behind this, along the zygomatic or tempoial aich project- 
ing beneath the orbit, is the jugal or malai^ which unites posteiiorly 
with the squamosal This zygomatic arch budges ovei the deep temporal 
fossa behind the orbit, and serves for the insertion of muscles, and its 
“ squamoso-maxillary *’ structure occurs outside of Mammalia m the 
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Anomodont reptiles only. The fact that in Rodents the malar does 
not form pait of the face is of considciable sjstematic impoitance. The 
sqiiamosah foim a great pait of the posteiioi side walls of the slaill, and 
aitiCLilate with (he parietah,f) onfah^ oibitosphenoids, and ahsphenoids 
At the poster lor end of the zygomatic aich is the longitudinally elon- 
gated glenoid fossa m which 
the mandible moves back- 


waids and foiwaids 

In connection with the floor 
of the skull and the loof of 
the mouth, theie he fiom be- 
hind forwaids the following 
components • — The median 
basioccipital ; the median 
basisphenoid, which lodges 
the pituitary body in a doisal 
depiession called the sella 
turcica ; the paired ahsphen- 
oids fused to the sides of the 
basisphenoid ; the median pre- 
sphenoid, which forms the 
lowei maigm of the optic 
foiamen between the two 
oibits , the paired orbitosphen- 
oids, fused to the piesphenoid, 
sutured to the ahsphenoids 
and squainosah^ and sunound- 
mg the optic foiamen ; the 
vertical pterygoids attached 
at the junction of basisphenoid 
and ahsphenoids ; the paitly 
vertical palatines, united above 
to the presphenoid and behind 
to the pterygoids and ahsphen- 
oids, sepaiacing the posterior 
nasal passages from the orbits, 
and uniting to a slight extent 
in front to form the posterior 
part of the bony palate , the 
median vertical mesethmoid 
cartilage extending m front 
of the presphenoid, separating 



Fig 385. — Under smface of rabbit’s 
skull. 

y"/ , Front incrsois , Pi, small posterioi 
incisors , pmx , premaxilla (the lower part 
of the reference line points to its palatal 
piocess), mx , maxilla, 3, thud pre- 
molar , m 3, third molar , J , jugal , fr , 
supra-orbital ridge of frontal (on dorsal 
surface) , z sq , zygomatic process of squa- 
mosal , Sq , squamosal , T h , tympanic 
bulla; bo,, basioccipital, bs, basisphen- 
oid ; pt , pterygoid , pi , palatine. 


the two nasal cavities, pos- 
teriorly ossified and expanded into the sieve -like cribriform plates 
through the apertures of which the branches of the olfactory nerves 
pass to the nose ; the paned vomers along the ventral edge of the 
mesethmoid ; and lastly, the anterior bony palate (foimed from inward 
extensions of maxtlles and premaxillaP), which in the rabbit is very 
incomplete 

Wedged in between the occipitals, the sqnamosals, and the bones ol 
the basisphenoid region, there is on each side a periotic bone surround- 
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ing the internal ear. It ossifies fjom thiee centies m the caitilagmous 
auditoiy capsule, and consists of a dense petioiis poition enclosing the 
essential pait of the eai and a moie external porous mastoid portion 
which IS pioduced downwaids into a mastoid process in front of the 
pai occipital piocess. From each periotic a tympanic bone extends 
outwards, swollen basally into a tympanic bulla in which the tympanum 
or dium of the ear is sti etched, and continued aiound the external 
auditory meatus. From an apeitiue between the tympanic and the 
periotic the Eustachian tube passes to the pharynx. Stretching from 
the tympanum to the fenestra ovahs of the inner ear is the chain of 
minute ear ossicles, the thiee links of which — malleus, incus, and stapes 
— possibly coiiespond respectively to the aiticular, the quadrate, and 
hyo-mandibulai 01 columella of most other Vertebrates. 

The orbits are bounded anterioily by the laihrymals and the maxiUce, 
and above by the fronlals The interoibital septum is formed above 
and behind by the oibito-sphenoids, below by the presphenoid 

Associated with the olfactoiy chambers aie the nasah above, the 
vomers beneath, the mesethmoid in the median line, while internally 
theie aie seveial thin scioll-hkc tuibmal bones As special characters 
of the skull should be noted the incomplete ossification of ceitam of the 
bones, eg. of the maxilla^ and the development of slender rod-like 
processes fiom come of them, e.g the squamosal ^ which help to keep 
the parts of the skull firmly connected 

The lower jaw or mandible consists in adult life of a single bone 
or ramus on each side, but this is foimed aiound IMeckel’s cartilage 
from seveial centies of ossification Its condyle woiks on the 
squamosal 

The hyoid lies between the lami of the mandible^ in the back of 
the mouth, and consists of a median “body,” and two pans of horns 
or cornua extending backwaids. 

The appendicular skeleton consists of the bones of the 
limbs and the girdles. 

The pectoral giidle, which supports the fore-limbs, and 
IS itself attached by muscles and ligaments to the vertebral 
column, virtually consists of one bone — the scapula — on 
each side For in all Mammals, except Monotremes, the 
coracoid is vestigial It is represented by an “ epicoracoi-d ” 
process overhanging the edge of the glenoid cavity in which 
the head of the humerus works, and there is also in 
some cases a small independent ossification (coracoid or 
metacoracoid) on the ventral surface of the glenoid cavity. 
The clavicle is much reduced in the rabbit, being only 
about an inch m length and very slender. The triangular 
scapula has a prominent external ridge or spine, continued 
ventrally into an acromion with a long metacromion pro- 
cess The scapula is usually strong and the clavicle is 

45 
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as a lule present in Mammals which grasp or climb or 
burrow. 

The fore-limb consists of an upper aim or humerus, a 
forearm of two bones — the radius and the ulna, a wrist oi 
carpus, five palm-bones or metacarpals, and five digits with 
joints or phalanges. 


The head of the humeius woiks in the glenoid cavity formed by the 
scapula. 

When the arm of a mammal is directed outwaids at right angles to 
the body, with the palm veitical and the thumb uppermost, the thumb 
and the radius are m a preaxial position, the little finger and the ulna 
are in a postaxial position. But in the noimal position of the limb in 
most mammals, the ladius and the ulna cioss one another in the foie- 
arm, so that the preaxial ladius is external at the upper end, internal 
at the lowei end. The hand is borne by the expanded end of the 
radius 

The typical mammalian wrist oi carpus consists of two lows of bones 
with a cential bone between the two lows In the labbit all the bones 
■ — nine in number — are piesent, viz, — 


First ( Uliiare oi 
Row j Cuneiform 


Second 

Row 


} 


Carpale s and 4 
01 

Unciform 


Intel mediLun 01 
Lunai 
Cent! ale 

Caipale 3 Caipale 2 
or or 

Os magnum Tiape/oid 


Radiale 01 
Scaphoid 


Carpale i 
or 

Trape/ium 


In Mammals the fouith and fifth caipals are never lepiesented by 
two distinct bones , the centrale is often absent. In the tendons of 
the flexor muscles there aie often two sesamoid bones, of which the 
ulnai is called the pisiform. 

In the rabbit theie are five metacarpal bones and five digits, each 
with three phalanges, except the thumb or pollex, which has but two. 


The pelvic girdle is articulated to the backbone, and 
bears externally a cup-like socket or acetabulum in which 
the head of the thigh-bone works. Each half of the girdle 
— forming what is called the innominate bone— really con- 
sists of three bones, which meet in the acetabulum. The 
dorsal bone or ilium, which corresponds to the scapula, 
articulates with the sacral vertebrae , the pubis — the anterior 
of the two lower bones — unites with its fellow on the 
opposite side in the pubic symphysis; the two ischia, 
which correspond to the coracoids, extend backwards, 
separated from the pubes by the large obturator foramen. 
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and expand into posterior tubeiosities. The ischia of 
Mammals may touch one another ventrally, but do not 
fuse in a symphysis j the pubic symphysis is almost invari- 
ably present. Only in Cetacea and Sirenia is the pelvis 
markedly rudimentary. 

The hind-leg consists of a thigh or femur, a lower leg 
with two bones — the tibia and the fibula, an ankle or 
tarsus, the sole-bones or metatarsals, the toes with several 
joints or phalanges. 

The head of the femur works in the acetabulum of the pelvis. Near 
the head are several processes or trochanters, serving for the insertion 
of muscles ; in the labbit there are three — the great trochanter, the 
lessei trochanter, and the third trochanter. 

In front of the knee theie is a sesamoid bone — the knee-pan or 
patella — and posteriorly there are smaller fabellse. 

In the lower leg, the tibia, which corresponds to the radius, is pie- 
axial, and in the normal position interior , the fibula, which corresponds 
to the ulna, is postaxial, and in the noimal position exterior There 
IS no crossing of bones as in the foreaim In the rabbit the fibula is 
slender, and is fused distally with the tibia. 

In the mammalian taisus there are two rows of bones, and a central 
bone interposed between the two lows on the inner or tibial side. 


First ^ Calcaneum 


Aiitragalus 


Row / or Fibulare 


01 Tibiale 

Centrale 
or Navicular. 


N Tarsaka 5 and 4 

Taisale 3 

Tarsale 2 

Tarsale x 

Second ( = Cuboid 

or 

or 

or 

Row [ 

External 

Middle 

Internal 

) 

Cuneiform 

Cuneiform 

Cuneiform 


In the labbit the first cuneiform and the corresponding hallux are 
wanting. There are thus only four metatarsals and digits. Each digit 
has three phalanges, and ends in a claw. 


Nervous system. — The brain has the usual five parts — 
cerebral hemispheres, optic thalami, optic lobes, cerebellum, 
and medulla oblongata, but the cerebral hemispheres cover 
the next two parts, and the cerebellum conceals the medulla. 
Of the brain membranes, the dura mater lines the cranial 
cavity, projecting longitudinally between the cerebral hemi- 
spheres, and transversely between the latter and the cere- 
bellum, while the vascular pia mater invests the brain 
closely. There are the usual twelve pairs of cranial 
nerves. The spinal cord gives off the usual spinal nerves, 
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and there is a sympathetic system as in most other 
Vertebrates. 

The cerebral hemispheres of the labbit aie veiy slightly convoluted, 
and they leave the ceiebellum quite uncoveied. They are connected 



Fig. 387. — Dorsal view of 
rabbit’s brain 


olf I , Olfactory lobes , /; , cere- 

bral hemispheres , 0 I ^ optic 
lobes (corpora quaclrigemina) , 
ch , median part of cerebellum , 
FI , flocculus of cerebellum , 
10, root of the tenth or vagus 
nerve ; , spinal cord 



Fig. 388. — Undei suiface of rab- 
bit’s biain. — Aftei Kiause. 


olf.l , Olfactoiy lobes , o t ,olfactoiy tract, 
f I , frontal lobe of cerebial hemisphere , 
c/i , optic chuuma , / ir , infundibulum , 
cm, corpus niammilhue; 3, root of 
oculomotor, 4, root of pathetic, 5, 
loot of trigeminal , 6, root of abducens , 
7-8, roots of facial and auditory , , 

flocculus of ceiebellum , g, root of glosso- 
pharyngeal , 10, roots of vagus ,F.,i 2th, 
01 hypoglossal , / r/ , pons Varohi 


tiansversely by a bioad bridge — the corpus callosum, and beneath this 
theie is a longitudinal band of fibres — the foimx The coipiis callosum 
IS readily disclosed by gently separating the hemispheres The outer 
wall and floor of the anterior pait of the cavity 01 ventricle of each 
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hemisplieie is foimed by a thick mass, called the coipus stiiatum, and 
the internal cavity is lessened by a piomment convex iidge, called the 
hippocampus major The ventiicles of the ceiebrum communicate 
with the third ventiicle, between the optic thalami, by a small 
aperture, called the foramen of Momo. In front of the hemispheres 
two club-shaped olfactoiy lobes project The thm cortical layer of 
the cerebium consists of giey (ganglionic) matter, and so does the 
thick coipus stiiatum, while the central part consists of white matter 
(nerve fibres) 

The thalamencephalon is entiiely hidden, but gives origin as usual 
to the doisal epiphysis, ending in a pineal body, which lies on the 
surface between the ceiebium and ceiebellum, and to the ventral 
infundibulum, at the end of which the pituitaiy liody lies, lodged in a 
fossa of the basisphenoid Immediately in front of the infundibulum 
the optic nerves cross m a chiasma, fiom which optic tiacts can be 
traced to the optic lobes Immediately behind the infundibulum lies 
a lounded elevation, called the mammillary body. Anteiioily, on the 
vential surface of each side of the thalamencephalon, there is a rounded 
swelling, called the coipus gemculatum. The roof of the third 
ventricle is formed by a thin membiane or velum, with a plexus of 
blood vessels In the anterior wall of the thud ventricle lies the small 
anterioi commissure ; acioss the third ventricle the large middle com- 
missuie urns , in the loof of the hind pait of the ventricle lies a small 
posteiioi commissuie. 

The optic lobes are fouifold — corpoia quadrigemina They aie in 
laige pait coveied by the ceiebium Between them runs the itei con- 
necting the thud ventricle and the fourth. The floor of this passage is 
formed by the thick ciuia cerebii which connect the medulla with the 
cerebrum. 

The ceiebellum has a median and two lateral lobes (with accessory 
flocculi), and is marked by numerous folds, mostly transverse. The 
two sides are connected ventially by the pons Varoln, lying across the 
anterior ventral surface of the medulla 

The medulla oblongata lies beneath and behind the ceiebellum, and 
is continued into the spinal cord The cavity of the fourth ventricle is 
loofed by a thm membiane or velum, above which lies the cerebellum 
On the ventral surface the medulla is marked by a deep fissuie, bordered 
by two narrow bands 01 vential pyramids. 

The spinal cord piescnts its usual appearance, with its dorsal sensoiy 
nerve-ioots with ganglia, its ventral motor nerve-roots apparently with- 
out ganglia, and the spinal ncives formed from the union of these The 
ganglia of the adjacent sympathetic system perhaps belong to the vential 
roots of the spinal nerves. 

A large number of nerves pass down the neck. Of these the follow- 
ing aie most impoitant — 

1. The eleventh ciaiiial nerve 01 spinal accessory, leaving the skull 

with the ninth and tenth, and distiibuted to the muscles of the 
neck. 

2. The twelfth cranial neive or hypoglossal, lying at fiist close to 

the ninth, tenth, and eleventh, turning, however, to the muscles 
of the tongue. 
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3. The tenth cianial nerve, the pneumogastnc 01 vagus, lies oiUsidc 
the carotid aitery, and gives off a superior laiyngeal to the 
laiynx with a depressor branch to the heart, an inferior or 
recurrent laryngeal, which loops round the subclavian aitery 
and luns forward to the larynx, and other branches to the heart, 
lungs, and gullet. 

4 The cervical part of the sympathetic, lying alongside of the 
tiachea, with two ganglia 

5. The great auricular, a branch of the thud spinal neive, running to 
the outer ear. 

6 The phrenic nerve, a branch of the fourth ceivical nerve, with 
branch from the fifth and sometimes fiom the sixth, runs along 
the backbone to the diaphragm. 

For details as to these nerves, the student should consult the piactical 
manuals of Marshall and Hurst and of Parker 

As to the sense oigans little need be said, for their general structure 
IS like that of other Vertebrates, while the detailed peculiarities are 
beyond our present scope 

The third eyelid is well developed. The lachrymal gland (absent in 
Cetacea) lies under the upper lid, and the lids are kept moist by the 
secretion of Hardetian and Meibomian glands. The external ear or 
pinna is conspicuously large. The cochlea of the inner ear is large and 
spirally twisted The nostrils are externally connected with the mouth 
by a chaiacteiistic cleft lip The tongue bears numerous papilku with 
taste bulbs. The long hairs or vibnsscc on the snout are tactile 

Alimentary system. — Tn connection with the cavity of 
the mouth we notice the characteristic dentition, the hairy 
pad of skin intruded in the gap between incisors and pre- 
molars, the long and narrow, in part bony, palate separating 
the nasal from the buccal cavity, the muscular tongue with 
its taste papillae, the glottis which leads into the windpipe, 
and the bilobed flap or epiglottis which guards the opening, 
the paired apertures of the Eustachian tubes opening into 
the posterior nasal passage, the end of this passage above 
the glottis, and the beginning of the pharynx. Less obvious 
are the organs of Jacobson, paired tubular bodies lying 
enclosed in bone in the front of the nasal chamber, and 
communicating on the one hand with the nostrils, and on 
the other hand with the mouth by two naso-palatme canals 
which open a little way behind the posterior incisors. 
Opening into the mouth and conducting the salivary juice, 
whose ferment alters the starchy parts of the food, are the 
ducts of four pairs of salivary glands. The parotid, which 
is largest, lies between the external ear-chamber and the 
angle of the mandible ; the infra-orbital lies below and in 
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front of the eye ; the submaxillary lies between the angles 
of the mandible ^ the small sublinguals lie along the inner 
side of each ramus of the mandible. 

The pharynx passes into the gullet, and that leads through 
the diaphragm to the expanded stomach, which is dilated 
at its upper or caidiac end, and narrows to the curved 
pyloric end Partly covering the stomach is the large liver. 
The first portion of the intestine, which is called the 
duodenum, receives the bile duct, and has the pancreas in 
its folds Then follows the much-coiled small intestine, 
measuring many feet in length. It should be noted that, in 
adaptation to the more slowly digestible food and the larger 
amount of indigestible residue, 
the intestine of herbivorous j^j 

mammals is relatively longer 
than that of carnivorous types. va 1 
The lower end of the small UJ-c 

intestine is expanded into a JZi 

sacculus rotundus. Here the 
large csecum — a blind diverti- 
culum — is given off; it ends 
in a finger-like vermiform ap- 
pendix. Its proximal end is Diagram of 

^ 1 coecum m rabbit, 

continuous with the colon oi ^ . 

first part or the large intestine, rotundus , co/ , sacculated colon ; 
the beginning of which is much ’ vermiform 

sacculated. The large intestine 

narrows into the long rectum, in which lie little faecal 
pellets. On the last two inches of the rectum there are 
paired yellowish glands. Beside the anus are two bare 
patches of skin, with the openings of the ducts of the 
perineal glands, whose secretion has a characteristic and 
strong odour. 

The liver is attached to the diaphragm by a fold of peri- 
toneum — the glistening membrane which lines the abdomi- 
nal cavity. In the liver there are five lobes. From these 
lobes the bile is collected by hepatic ducts into a common 
bile duct, which is also connected to the gall-bladder by the 
cystic duct. 

The very diffuse pancreas lies in the mesentery of 
the duodenal loop. Its secretion is gathered by several 


Fig 389. — Diagram of 
coecum in rabbit. 

f., Small intestine, sr, sacculus 
rotundus , co/ , sacculated colon ; 
c , csecum , zi.a , vermiform 
appendix 
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tubes into the pancreatic duct which opens into the 
duodenum 

The mesentery, which suppoits the alimentaiy canal, is a 
double layer of peritoneum reflected from the dorsal abdo- 
minal wall. 


The dark red spleen lies behind the stomach. In the 
mesentery, not far fiom the top of the right kidney, he a 
pair of cceliac ganglia, which receive nerves fiom the thoracic 
p sympathetic system, and give 

C\ blanches to the gut. 

Vascular system. — The 
blood of Mammals contains, 
other Vertebrates, red 
blood corpuscles (erythro- 
_ cytes) and white blood cor- 

puscles (leucocytes), but the 
loimer are non- nucleated 
^-"^cept in their young stages. 

Ill probable that the nuclear 
i^^ 2 .teual becomes diffused 
pd |f|| through the cell They appear 

Mm as slightly biconcave circular 

wi discs (elliptical in Camehdas), 

but many good observers 
describe spheiical or cup- 

^ ^ , , , , shaped or bell - shaped red 

Fig 390 .--r)uocleniim of labbit , , ' . rornnqHpq If ic; not 

— From Kianse, in pait aftei COrpUSCies. It IS not 

Claude Bernaid. ceitain how far these shapes 

, Pyloric end of stomach, gall- ^1*6 normal. Phc four-Chani" 

bladder with bde duct and hepatic bcred heart lies 111 the thoracic 

ducts , / (f/ , panel eatic duct 

cavity between the lungs It 
is surrounded by a thin peiicaidium, and immediately in 
front of it there lies the soft thymus, which is larger m the 
young than in the adult animal 

By two superior venee cavas, and by the infenor vena 
cava, the venous blood collected from the body enters the 
right auricle. Thence the blood passes into the right 
ventricle through a crescentic opening, bordered by a 
threefold (tricuspid) membranous valve (worked by chordae 
tendmese attached to papillary muscles projecting from the 
wall of the ventricle). 
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1 ne right ventricle is not so muscular as the left, 
which it partly surrounds. By its contraction the blood 
IS driven into the pulmonary trunk, whose orifice is 
guarded by three semilunar valves. During contraction 
the tricuspid valves are pressed together, so that no 
regurgitation into the right auricle can take place. 


The pulmonary trunk 
divides into two pulmonary 
arteries, which branch into 
capillaries on the walls of the 
lungs There the led blood 
corpuscles gain oxygen, and 
the blood is freed from much 

Fig 391 — Ciiculatoiy system of 
the labbit. 

(a) Letters to right — 

e c Elxternal carotid 
7 c Internal carotid 
e j External jugular 
scl a Subclavian artery 
scl 7’ Subclavian vein 
p a Pulmonary arteiy (cut shoit) 
/ 7' Pulmonary vein 
L A Left auricle 
L V Left ventricle 
L ao Doisal aorta 
h V Hepatic veins 
c Cceliac artery 
a m Anterior mesenteric 
i. 7 b Suprarenal boay 
1 7 a Left renal arterj 
1 7 - V Left renal vein 
K Kidney 

/ 771 Posterior mesenteric artery 
(inadvertently shown as if 
paired) 

sj)7)i Spermatic arteiies and veins 
L 2 I a Common iliac artery 
(/b Letters to left — 

yy" and rry Posteiiorand antenoi 
facial 

e j External jugular vein 
i j Internal jugular. 

R Scl Right subclavian artei> 
ii y C> Supenoi venacaxa 
R.A Right auricle 
R V Right ventricle 
I V C, Inferior vena cava 
7 r,a Right renal aiteiy. 

7 r 71 Right renal vein. 

\ 7 b Suprarenal body 
sj^ 77 i. Spermatic arteries and veins 
z / Ilio-lumbar vein 
y V Femoral vein 
z // 7' Internal iliac veins. 
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of the carbonic acid gas which it has borne away from the 
tissues. The purified blood leturns to the heart by two 
pulmonary veins, which unite as they enter the left auricle 

From the left auricle the pure blood passes into the left 
ventricle through a funnel-hke opening, bordered by a 
(mitral) valve with two membranous flaps, \\ith chordae 
tendineae and musculi papillares as on the right side, but 
the muscles here are larger. 

The left ventricle receives the pure blood and drives it 
to the body. During contraction the mitral valve is closed, 
so that no blood can flow back into the auricle. The 
blood leaves the left ventricle by an aortic trunk, whose 
base IS guarded by three semilunar valves, just above 
which coronary arteries arise from the aortic trunk and 
supply the heart itself. 

The aortic trunk bends over to the left, and passes 
backward under the backbone, dividing near the pelvis 
into two common iliac arteries, which supply the hind- 
legs and posterior parts The chief blood vessels may be 
grouped as follows * — 

The aortic tiunk 
gives off the innominate aiteiy, 

which divides into {a) the light subclavian, continued as the 
brachial to the foie-hmb, but giving 
off the veitebral to the spinal coid 
and biain, and the inteinal mam- 
mary to the ventral wall of the 
thorax ; 

((5) the right caiotid, running along the 
trachea, dividing into the right 
internal carotid to the biain, and 
the right external carotid to the 
head and face , 

(^) the left carotid, with a similar coiuse , 
theieafter the aorta gives off — 

the left subclavian artery, which branches like the right ; 
the cneliac aitery to the liver, stomach, and spleen ; 
the anterioi mesenteric to the pancreas and intestine ; 
the renal arteries to the kidneys ; 
the single posteiioi mesenteric to the leclum , 
the paiied speimatic oi ovarian aiteiies to the lepioductive 
organs ; 

the lumbar arteries to the posterior body walls. 

The aorta is continued terminally in the median sacral arteiy to the 
tail, and lateially in the common iliacs, which form the femoials of 
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the hind-legs, and give off in the abdomen several branches to the 
abdominal walls, the pelvic cavity, the bladdei, and the uterus 

The two supeiior venae cavse bring blood from the head, neck, 
thoiax, and foie-limbs. Each is formed from the union of — 
a subclavian from the shoulder and foie-hmb, 
an external jugular from the face and eai, 
an internal jugular fiom the brain, 

an anteiioi intercostal from the spaces between the anterioi iibs, 
an internal mammary fiom the vential wall of the thorax ; 
and the light superioi vena cava also receives an azygos cardinal vein, 
which runs along the mid-doisal line and collects blood fiom the 
posterior intercostal spaces. 

The inferior vena cava is a large median vein lying beside the aoita 
beneath the backbone. Anteiioil}^ it is embedded in the liver, and 
receives the hepatic veins Thence it passes through the diaphiagm 
into the right auiicle. Posterioily the inferior vena cava has the 
following components ■ — 

Internal iliacs from the back of the thighs, forming by their union 
the beginning of the inferior vena cava ; 
femoral veins from the inner boiders of the thighs, continued into 
external iliacs which open into the inferior vena cava ; 
paired iho-lumbais from the posterioi abdominal walls; 
speimatic 01 ovaiian veins from the repioductive organs ; 
renal veins from the kidneys 
There is no renal-poital system. 

The food which has been digested — lendered soluble and diffusible — 
passes from the food canal into the vascular system by two paths — 

{a) All except the fatty material is absoibed by veins from the 
stomach and intestine. These unite in a main trunk, the 
poital vein. The components of the poital vein aie — the heno- 
gastric fiom the stomach (and also from the spleen), the 
duodenal from the duodenum (and also from the pancieas), 
the anterior mesenteiic from the intestine, the posterior 
mesenteric from the lectum. The poital vein breaks up 
into branches in the liver, whence the modified blood passes 
by hepatic veins into the inferior vena cava 
(/;) The fat passes through the intestinal villi into the lymphatic 
vessels, which combine to form a thoracic duct, which runs 
forward and opens into the left subclavian vein at its junction 
with the left external jugular. ETere and there he lymphatic 
glands. 

Respiratory system. — The lungs are pink, spongy bodies, 
lying in the thorax, connected with the exterior by the 
bronchial tubes and the trachea, and with the heart by 
blood vessels The pleural membrane which invests the 
surface of the lungs is reflected from the sides of the 
thoracic cavity. When the lungs expand, the pleural 
cavity — between the two folds of pleural membrane — is 



7i6 


MAMMALIA 


almost obliterated. The thoiacic cavity is separated from 
the abdominal cavity by a partly muscular diaphragm, 
which IS supplied by two phrenic nerves, arising from the 
fourth cervical spinal nerves. By its contraction the 
diaphragm alters the size of the thoracic cavity, and thus 


L L Is 



mu 


Flo 392. —Veitical section ihiongh labbii’s head.—Fiom a section, 
with help fiom Paiher’s Zooio 7 ?iy and Krause. 

J>wx , Premaxilla with inuisois , jji e , part ofmesethmoid partition , 
t b , ma\illary turbinals , ^ , ethmoidal turbinal , we, pai L 
of mesethmoid , olfl^ olfactory lobe of cerebrum, /r, pie- 
sphenoid , c c , position of corpus callosum , b$ , basispheiioid 
with depression foi pituitary body, ib , cerebellum , b.o , basi- 
occipital , ^ c., spinal cord , , nasal passage , , gullet , , 

trachea, , epiglottis, wix,, submaxillary salivary gland, 
si, sublingual salivary gland, T, tongue, //, tiansveise 
poition of palatine , wn , antenor end of mandible 

shares in the mechanism of respiration. At the top of 
the trachea lies the complex laiynx, the seal of the voice 
in Mammals. 

Anteriorly the laiynx is suppoitcd on its sides and beneath by the 
thyroid caitilage ; behind this lies the iing-like ciicoid , doi sally to the 
cricoid are two small tuangular arytenoids. 
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Within the larynx theie are stretched membianous bands — the vocal 
chords Beside the larynx is the paired thyroid gland. 

Excretory system — This includes the blood-filtering 
kidneys, their ducts the ureters, and a reservoir or bladder, 
into which these open. The kidneys and their ducts are 
formed from the metanephros and metanephric ducts of 
the embryo The bladder arises as a diverticulum from 
the hind end of the gut, being in fact a remnant of the 
mtra-embryonic part of the allantois. It loses its con- 
nection with the gut, and the ureters which originally 
opened into the rectum follow the bladder and open 
into it. 

The kidneys are dark red ovoid bodies lying on the 
dorsal wall of the abdomen , the one on the left is farther 
down than that on the right, because of the position of 
the stomach on the left side. When a kidney is dissected, 
a marked difference is seen between the superficial cortical 
part and the deeper medullary substance. On papillae or 
pyramids in the veiy centre the coiled excretory tubules 
open, and empty the watei and waste products into the 
‘‘pelvis ” or mouth of the ureter 

The ureters run backward along the dorsal wall of the 
abdomen, and open into the bladder, a thin-walled sac 
lying in front of the pelvic girdle. 

In front of each kidney lies a yellow suprarenal body. 

Eeproductive organs. — {a) Male . — The testes arise on 
the dorsal abdominal wall near the kidney, but as the 
rabbit becomes sexually mature, they are loosened from 
their original attachment, and pass out on the ventral 
surface, as if by a normal rupture, into the scrotal sac 
A spermatic cord, consisting of an artery, a vein, and a 
little connective tissue, runs from the abdomen to the 
testis. 

The testis is attached to the base of the scrotal sac, and 
is bordered by a mass of convoluted tubes — the epididymis 
— consisting of the caput epididymis anteriorly, the larger 
cauda epididymis posteriorly, and a narrow band between 
them. The cauda epididymis is connected to the scrotal 
sac by a short cord or gubernaculum. 

Through the tubes of the epididymis (the modified meso- 
nephros) the spermatozoa developed in the testis are 
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collected into the vas deferens (the modified Wolffian 
duct), which anses from the cauda epididymis, ascends to 



Fig. 393 —Urogenital organs of 
male rabbit. 

K ) Kidney , U , ureter , AV., bladder , 
T , testis , s c , spermatic cord , 
ep , caput epidicljmis , ca.ep , 
cauda epididymis , Sc , scrotal 
sac ; pr , one of the lobes of the 
prostate, c Cowper’s glands, 
pg, perineal glands, Ur, 
urethra , c c., corpus cavernosum , 
P , penis. 



Fig. 394.— Urogenital oigans of 
female labbit. 


, Kidney ; U , ureter , 0 , ovary , 
Pi, Fallopian tube, C? cf., ovi- 
duct, Ut , uterus, F, vagina, 
Bl , bladder , Ue , vestibule 01 
female urethra, U G.^ uro- 
genital aperture , A , anus 
Bladder and vestibule are cut 
open 


the abdomen, loops round the ureter, and, passing dorsally 
to the bladder, opens beside its fellow into a median sac 
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called the uterus masculinus. In many Mammals, paired 
diverticula, known as seminal vesicles, are connected with 
the ends of the vasa deferentia, but they are not developed 
in the rabbit. 

The uterus masculinus is the homologue of the vagina m 
the female, and seems to arise from the Mullerian ducts. 
It opens into the urethra, which runs backwards from the 
bladder, and the urogenital canal thus formed is continued 
through the penis 

Beside the uterus masculinus and the vasa deferentia, 
there are lobed prostate glands opening by several ducts 
into the uiogemtal canal. Behind the prostate, on the 
dorsal wall of the urogenital canal, he two Cowper’s 
glands. 

The penis projects in front of the anus behind the pubic 
symphysis, has vascular dorsal walls (coipus spongiosum), 
stiff ventral walls (corpora cavernosa), and is invested by a 
loose sheath of skin — the prepuce. At the side of the penis 
lie two perineal glands. 

(b) Female . — The ovaries are small oval bodies about 
three-quarters of an inch in length, attached behind the 
kidneys to the dorsal abdominal wall, exhibiting on their 
surface several clear projections or Graafian follicles, each of 
which encloses an ovum. 

The ova, when mature, burst from the ovaries, and are 
caught by the adjacent anterior openings of the oviducts. 
The oviducts are modified Mullerian ducts, differentiated 
into three regions. The anterior portion or Fallopian tube 
is narrow, slightly convoluted, with a funnel-shaped, fimbri- 
ated mouth lying close to the ovary. The median portion 
or uterus is the region in which the fertilised ova become 
attached and develop In the rabbit the uterine regions of 
the two oviducts are distinct, forming what is called a double 
uterus In most Mammals the uterine regions of the ovi- 
ducts coalesce, forming a bicornuate or a single uterus, 
according to the completeness of the fusion. In all Mam- 
mals above Marsupials the posterior parts of the two 
oviducts unite in a median tube — the vagina. 

The vagina unites with the neck of the bladder, and forms 
the wide but short urogenital canal or vestibule, which 
opens at the vulva, ventral to the anus. On the ventral wall 
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of the vestibule lies the clitoiis, a small rod-like body— the 
homologue of the penis. On the dorsal wall lie two small 
Cowper’s glands, and there are also perineal glands as m 
the male 

The fertilised egg develops within the uterus, and in the 
rabbit, as in all Eutherian Mammals, the allantois of the 
embryo becomes intimately connected with the wall of the 
uterus to form the vascular placenta, the organ by means of 
which the nutrition and respiration of the embryo are pro- 
vided for In the rabbit, and in other Rodents, there is, 
before the development of the allantoic placenta, a pro- 
visional yolk-sac placenta— a structure of similar function 
but of much less morphological complexity The details 
of the placentation of Mammals will be considered later. 

Notes on Comparative Anatomy of Mammals 

Skin. — This consists of a superficial epidermis (ecto- 
dermic) and of a subjacent mesodermic dermis or cutis. 

The most characteristic modification of the mammalian 
epidermis is the hair Each hair arises from the cornifica- 
tion of an ingrowing epidermic papilla of the Malpighian 
stratum of the epidermis, smrounded at its base by a moat- 
hke follicle, and nourished during growth by a vascular 
projection of the dermis. 

Each hair consists of a spongy central part and a denser cortex, but 
there are many diversities of foim and stiuctuie, such as short fur and 
long tresses, the soft wool of sheep and the bristles of pigs, the spines of 
hedgehog, poiciipme, and Echidna^ the cilia of the eyelids and the 
tactile vibiisst'e of the lips and checks 

The hair keeps the animal dry and waim ,* m the piactically hairless 
Cetacea the layei of fat oi blubber underneath the skin also serves to 
sustain the temperature of the body Like feaiheis, bans die away 
and are cast oft, being leplaced by fiesh giowths 

Among other tegumentary structures are the scales which 
occur along with hairs on the pangolins {Mams) \ the 
scales on the tails of rats and beaveis and some other forms ; 
the thickened skin-pads or callosities on the ischia of apes, 
the breast of camels, the legs of horses ; the nails, claws, or 
hoofs which ensheath the ends of the digits in all Mammals 
except Cetaceans. Unique is the armature of the armadillos, 



SKIN 


721 


for it consists of bony plates developed in the dermis, 
overlaid by epidermic scales The median solid horns of 
the rhinoceros aie epidermic outgrowths, comparable to 
exaggerated warts ; the paired horns of the Ruminants con- 
sist of epidermic sheaths covering outgrowths of the frontal 
bones, but extending far beyond these; the antlers of 
stags are outgrowths of the frontal bones, are cast and re- 
giown each year, and are possessed by the males only, 
except in the reindeer. 

The skin of Mammals, unlike that of Birds, is rich in 
glands. Sebaceous glands are always associated with the 
hair follicles, and sudorific or sweat glands are scattered 
over the skin. 

Specialised glands aie also veiy common, especially those which 
seciete some strongly odorifeious stuff, scenting which the animals 
recognise their fellows, their mates, oi then young Often they aie most 
developed in the males, and their activity increases at the pan mg 
season 

Among the numerous special gland'? ma} be noted those which are 
connected wnth a peifoiated spur on the hind-legs of male Monotremes, 
the siib-oibital glands of antelopes and deer, the anal glands of 
carnivoies, the perineal glands of the civet, the piepiitial glands of the 
musk-deei and beavei, the inter-digital glands of the sheep. 

Most characteristic, however, are the mammary glands, 
functional in female Mammals after parturition. They 
seem to be specialisations of sebaceous glands, except in 
Monotremes, in which they are nearer the sudorific type. 
They consist of branching tubes opening by one or several 
apertures on the skin. 

In Monotremes the simple glands, compressed by 
muscles, open by many pores on a bare patch of skin. 
This is depressed into a slight cup, from which the young 
lick the milk. In Marsupials the glands open by teats or 
mammas, generally hidden within a marsupium , and again 
the action of surrounding muscles forces the milk into the 
mouths of the young, which do not seem to be able to suck. 
An anterior prolongation of the larynx to meet the posterior 
nares establishes a complete air passage, and enables the 
young to continue breathing while they are being fed. In 
Cetacea the milk ducts are dilated into large reservoirs, the 
contents of which can be rapidly injected into the mouth of 
46 
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the young In ali other Mammals the young suck the 
milk from the mammae. 

Dentition. — The teeth of Mammals are developed m the 
gum or soft tissue which covers the borders of the pre- 
maxillae, maxilla, and mandibles. As in other animals, 
they are in part of epidermic, in part of deimic origin. In 
the course of their development their bases are usually 
enclosed m sockets formed in the subjacent bones. 

In most teeth there are three or four different kinds of 
tissue. The greater part consists of dentine or ivory (of 
which about a third is organic matter), outside of this 
there is a layer of very hard glistening enamel (practically 
inorganic) ; in the interioi there is a cavity which in grow- 
ing teeth contains a gelatinous tissue or pulp supplied by 
blood vessels and by branches of the fifth nerve, and con- 
tributing to the increase of the dentine , lastly, around the 
narrowed bases or roots of the tooth, or between the folds 
of the enamel if these have been developed, there is a bone- 
like tissue called the crusta petrosa or cement. 

The development of teeth begins with the formation of 
a dental ridge, an invagination of the ectodermic epithelium. 
From this ridge a number of bud-like ‘‘enamel germs ” are 
next differentiated. Beneath each germ a papilla of the 
vascular mesodermic dermis is defined off as the “dentine 
germ ” The crown of this papilla becomes hard, and the 
ossification proceeds downwards and inw^ards, while above 
the dentine crown the enamel begins to form a hard cap. 
Meantime the tissue around the base of the tooth papilla 
becomes differentiated into an enclosing follicle or sac, 
from the inner layer of which the cement is developed. 
The papilla forms the pulp, — consisting of connective tissue, 
with blood vessels and nerves, and an enveloping zone of 
dentine-forming cells or odontoblasts. 

The base of a tooth may remain unconstncted, and the core of pulp 
may persist Such a tooth goes on growing, its growth usually keeping 
pace with the rate at which the apex is worn away with use, and it is 
described as “rootless” and “with peisistent pulp.” The incisois of 
Rodents and of elephants illustrate this condition. 

In the development of most teeth, however, the base is narrowed 
and prolonged into a root or several loots which become iiimly tixed 
in the socket. Through a minute aperture at the end of the root, 
blood vessels and nerves still enter the pulp-cavity and keep the tooth 
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alive, but, as the limit of growth is reached, the residue of soft pulp tends 
to disappear. 

The two most marked characteristics of the teeth of Mammals are 
that they are typically heterodont — that is, different from one another m 
form and function — and that the succession is practically reduced to 
two sets, a condition described as diphyodont as contrasted with the 
polyphyodont condition seen in Fishes and Reptiles, where the suc- 
cession is practically unlimited. 

As exceptions, there are cases like that of the dolphins, where the 
teeth are uniform or homodont and veiy numerous This, however, 
IS not a primitive but a secondaiily acquired condition. 

In the typical dentition of Mammals there are forty-four 
permanent teeth, eleven on each side above and below , but 
It IS rare in the Eutherian Mammals to find the full number 
developed, and the dentitions of the Marsupials, of the 
Edentates, and of the Cetacea cannot be reduced to this 
type The eleven on each of the upper jaws may be divided 
in the typical case into four sets Most anteriorly, associated 
with the premaxilla, are three simple, single-rooted teeth, 
usually adapted for cutting or seizing. These are called 
incisors. Posteriorly there are crushing or grinding teeth, 
whose crowns bear cusps or cones, or are variously ridged, 
and which have two or more roots associated with the 
maxilla. But of these grinders the last three occur as one 
set, having no calcified successors, or, as others maintain, 
having no milk predecessors. They are therefore dis- 
tinguished, as true molars, from the four more anterior and 
often simpler premolars, which usually occur in two sets, 
the milk set being replaced by a permanent set. In many 
cases, however, the first premolar seems to be only once 
represented. Finally, the tooth just behind the incisors — 
that is to say, immediately posterior to the suture between 
premaxilla and maxilla — is distinguished as the canine, and 
is often long and sharp. 

This classification of teeth is in great part one of convenience thus 
the distinction between incisors and grinding teeth is anatomical, that 
between molars and premolars refers to the history of these teeth ; the 
connection between the teeth and the subjacent bones is a secondary 
matter , there is often little to differentiate canine from premolar. 
Moreover, the teeth of the lower jaw, which is a single bone on each 
side, cannot be so certainly classified as those of the upper jaw. Here 
the lower canine is defined as the tooth which bites in front of the 
upper, and the incisors as the teeth in front of this tooth. 
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The typical mammalian dentition already lefeiied to may be expiessed 
as follows . — 


Inci"-ors - — ranines ^ ^ , p'emolais ^ molats ’ - total, 44 , 

3—3 T — I 4—4 3—3 II — IT 

or, using initial letteis — 


3- 

, L 

—3 


T — I 
I — 1’ 


pm 


t— 4 

4—4’ 


^“3 

3—3 


44 . 


01, recognising that the light and left side aie almost mvaiiably identical, 

and omitting the initial letters — 

^ 3143 


The foiniulEe for the adult dentition of some lepiesentative Mammals 
aie the following * — 


Opossum Thylacine Kangaioo Wombat r>ig Camel 

4134’ ^ 3134’ ^ 1024’ ror4’ ^3143 3f'’3 

Sheep Hoise Rabbit Cat Dog Bear Seal 

^ 1133 3143 1023 3121’ * 3143 3 U 3 2141 

Hedgehog Marmoset New Woild Monbey Old World Monkey^, 
^ * 2123’ 2132’ ^ 2133’ •’ 2123’ 

Man "1=^^ 


It IS interesting to note the lelation in paiticular cases between the 
diet and the foim of the teeth Thus the dolphins, which feed on fish 
and swallow them whole, have numeious, almost unifoim, sharp, 
recuived, conical teeth, well suited to take a fimi grasp of the slippeiy 
and struggling booty. To a slight extent the same piscivoious dentition 
may be seen in seals In the more stiictly carnivorous Mammals the 
incisors aie small, the canines are long and shaip, piercing the prey 
with a deathful grip, while the back teeth have more or less kmfe-hke 
edges, which sever flesh and bone. In typical insectivoious Mammals 
the upper and lowei incisois meet precisely, ‘‘so as leadily to secuie 
small active piey, quick to elude capture but poweiless to resist when 
once seized,” while the crowns of the molais beai many sharp points. 
Herbivorous Mammals have front teeth suited for ciopping the herbage 
or gnawing parts of plants, the canines are small 01 absent, the molars 
have broad grinding crowns with transverse iidges. In omnivoious 
Mammals the incisois are suited for cutting ; the canines aie often 
formidable weapons in the male sex , the molars have crowns raised 
into rounded tubercles. 

A primitive form of tooth with thiee cusps in one plane is called 
tricomdont ; when the three cusps foim a triangle, the tooth is called 
trituhermlar \ when the crown has a number of blunt or pointed cusps, 
it IS called bunodont , when the cusps run into iidges, the term lophodont 
IS used ; when the cusps form a crescent, the tooth is called seknodont , 
when there is a long crown with the neck (the junction region between 
crown and root) deep in the socket, the tooth is called hypsodont , 
when there is a short crown with the neck at the surface of the gum, the 
term brachyodont is used. 


Development and placentation. — The ova of Mammals, 
except Monotremes, are small ; even those of the Whales are 
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“ no laiger than fern seed/’ They are formed from germinal 
epithelium, the cells of which grow inwards in clustered 
masses into the connective tissue or stroma of the ovary. 
In each cluster one cell pre- 
dominates over its neigh- 
bours , It becomes an ovum , 
the others invest and nourish 
it, and are called follicle cells. 

In the middle of each clump 
or Graafian follicle a cavity 
IS formed containing fluid, 
and into this cavity the follicle 
cells immediately surrounding 
the ovum project, forming 
what is called the discus pro- 
hgerus (see Fig. 272, p 514). 

When mature, the ovum 
protrudes on the surface of 
the ovary, and is liberated 
by the bursting of the Graafian 
follicle. Ovulation may occur 
spontaneously — as in man, 
monkeys, horse, cattle, pig, 
dogs ; or after sexual union — 
as in rabbit, guinea-pig, mouse, 
and cat. An ingrowth of 
epithelial cells surrounding 
the follicle develops into a 
glandular body called the 
corpus luteum. Its secretion 
is believed to be very import- 
ant — influencing the prepara- 
tion of the uterus, the early 
nutrition of the embryo, and 
the multiplication of cells in 
the milk glands It seems 
that the ovary, besides produc- 
ing ova, is a gland whose in- 
ternal secretion, passing into the blood, induces, directly or 
indirectly, the phenomena of heat and menstruation, and 
influences the uterus during pregnancy. 



Fig. 395.— Segmentation of 
rabbit’s ovum. — After Van 
Beneden. 

e c , External cells (epiblast) , z c., 
internal cells (hypoblast) , <5 & , 
blastodermic vesicle 
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The spermatozoa are formed from germinal epithelium 
m the testes. The primitive male cells or spermatogonia 
give rise by division to daughter cells 
or spermatocytes, which, with or 
without further division, form sperma- 
tozoa 

The homologue of the ovum is the 




spermatogonium or mothei sperm cell, 
but the physiological equivalent of 
the ovum is the spermatozoon 

The ovum, having burst from the 
ovary, is immediately caught by the 
fimbriated mouth of the Fallopian 
tube, and begins to pass down the 
oviduct. There it is met by ascend- 
ing spermatozoa, received by the 
female as the result of sexual union, 
and IS fertilised. One of the speima- 
tozoa enters the ovum, and sperm 
nucleus unites with ovum nucleus in 
an intimate and orderly manner. 

The connection between embryo 
and mother. — (a) The lowest Mam- 
mals, the Duckmole {OrmthorhyN- 
elms) and the Porcupine Ant-Eater 
{Echidna)^ resemble Birds and most 


Fio 396 — Develop- Reptiles in bringing forth their young 
merit of hedgehog as eggs, i,e. in being oviparous. The 

Afte?HubrecS^^^ ~ ^ considerable 

quantity of yolk, and after fertihsa- 
^ ifypobiast^^Ti dTsc^Ind tion divide partially, i.e exhibit mero- 
evternai sheath of epibiast blastic Segmentation like the eggs of 

from trophohiast , the dis,c Birds and Reptiles. 1 he tunic formed 

C£/)!°™f'biastotem?c ^^out them m the Graafian 

vesicle (Btj) III A folliclcs of the ovary consists, as in 
rrf tropS^st;^%^ Birds and Reptiles, of a single layer 
disc of formative epibiast, of cells Development begins m the 

^7/ , blastodermic vesicle , i i ° 

//, hypoblast oviducts, but the eggs are in no 


way attached to the wall. They are 


laid m a nest by the Duckmole ; in the Echidna they are 


hatched in a slight, periodically developed, external pouch. 
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ib) In the Marsupials the embryo is born prematurely 
after a short gestation It is very small and helpless. Till 
recently it was believed that during its intra-uterine life it 
was either not attached to the wall of the uterus at all, or 
only to a slight extent by a yolk-sac placenta. It is now 
known, however, that, m Perameles at least, there is not 
only an efficient yolk-sac placenta, but a distinct, though 
small, allantoic placenta. The general absence of a 


am 3 c 



Fig 397 — Embryo of Pemvieles with its fcetal membranes. 

—After Hill. 

am , True amnion , al , allantois , al s ^ allantoic stalk ^ y c , 
cavity of yolk-sac , ch , chorion or false amnion , i i , sinus 
terminalis , ^ c , extra-emhryonic body cavity , z/.o , vascular 
oraphalopleura, or area of non-sepaiation between yolk-sac wall 
and chorion, constituting the yolk-sac placenta. The endodenn 
v. IS dotted throughout Note the large size of the yolk-sac, and 
the sinking of the embiyo into it 

placenta in Marsupials, and the small size of the allantois, 
must therefore be ascribed to degeneration, and not to a 
primitive condition. The presence of a yolk-sac placenta 
in Marsupials is not in itself of great importance, for a 
connection between the yolk-sac of the embryo and the 
wall of the oviduct exists in two Elasmobranch fishes and in 
two lizards, but the similarity between the allantoic placenta 
of Perameles and that of the Eutheria seems to point in- 
disputably to a common origin for the two structures- 



728 


MAMMALIA 


(r) In the Eutherian Mammals, although a temporary 
yolk - sac placenta may occur, there is always a well- 
developed and exceedingly important allantoic placenta, 
which IS the main organ for the nutrition of the embryo. 
The placenta, in rough physiological language, is a double 
vascular sponge, partly embryonic, partly maternal, by 
means of which the blood of the mother nourishes and 


purifies that of the embryo It is formed by the mtei- 
locking of foetal and maternal tissue. 

In giving an account of the placentation of the Eutheria, 
we shall mainly follow Hubiecht in his account of the 

pl^ic^ntation of the hedge- 
\ hog, which is at once a 
AVo°c/ simple and central type. 

Before doing so, it may 
o^r'^h 1 briefly 


cPr/M 


foo 

O 


ViHo\ r /S/ development of 

q\ the egg In Eutheria, 

\6 4 segmentation is holoblastic 

\0y \^oy and yolk is absent, but the 

I process of development is 

Fig. 398 -Two stages m segmented 

ovum of hedgehog — Aftei case like that oi A.j7iphi~ 

Hubrecbt. oxus. In the latter, all the 

El , Epibiast , Hy , hypoblast cclls of the blastosphere 

form part of the embryo; 
in the former, only a few take a direct part in the process , 
the remainder form the wall of the embryonic sac or 
blastocyst, from which the yolkless yolk-sac or umbilical 
vesicle is later developed. A process of folding-off of the 
embryo occurs therefore in Mammals as in Birds and 
Reptiles, the chief difference being that, roughly speaking, 
in the former the yolk-sac has a cellular wall from the first, 
in the latter the germinal layers slowly spread over the yolk 
as development proceeds. 

Bearing these facts in mind, let us then seek to define 
the embryonic and maternal structures which are associated 
with placentation (i) At a very early stage the divided 
ovum of the hedgehog consists of a sac of cells, an outer 
layer, epiblastic or ectodermic, enclosing another aggregate 


certain facts m regard to 
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—the future inner layer, endoderm or hypoblast (Fig. 398, 1 ). 


(2) The epiblast divides into an 

form the epidermis, nervous 
system, etc , of the embryo, 
and an external layer, the wall 
of the embryonic sac or blasto- 
cyst, with which the disc retains 
a slight connection until the 
protective amnion is formed. 
In the outer epiblastic wall 
lacuna develop, which are 
bathed by the maternal blood, 
and the pillars of tissue 
between the lacunae grow out 
into villi, which aid in this 
earliest connection between 
mother and offspring Long 
before any vascular area or 
foetal placenta is developed, 
the outer epiblastic wall has 
the above nutritive function, 
and deserves its name of 
trophohlast (Fig. 396, TV,). 

(3) The hypoblast or inner 
mass, which is at first a solid 
aggregate of cells (Fig. 395, 

1 c.), becomes a sac, as a 
morula may become a blasto- 
sphere. The upper part 

Fig 399 — Development of fcetal 
membranes. — After Hertwig. 

Uppermost figure shows up-growth and 
down-growth of amnion folds E , 
Embryo , a/ , amnion fold , a. 1 , amnion 
proper , a sub/onal membrane , ^ , the 
gut , y , umbilical vesicle or ^olk-sac 
The dotted line represents mesodeim , 
the dark, hypoblast The second figure 
shows origin of allantois, and the amnion 
folds have met The thud figure shows 
increase of allantois (^/ ) , the dwindling 
yolk-sac (j-? ) ^ a. c , amniotic cavity , 
i,z 7 n ^ sub/onal membrane The fourth 
figure shows the embryo apart from its 
membranes m , mouth , a , anus Note 
umbilical connection wnth yolk-sac 


embryonic disc, which will 
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of this sac forms the lining of the incipient gut, while the 
lower portion, following the contour of the blastocyst wall, 
forms the lining of the umbilical vesicle (cf. the Chick). 
From this vesicle or yolk-sac the embryo becomes folded 
off, and the connection between the two is narrowed, just 
as in the chick, into a canal — the vitelline duct, which is 
part of the “umbilical cord,” entering the embryo at the 
future navel. (4) Between the epiblast and the hypoblast 

of the embryo, the 



mesoblast develops, 
splitting into an 

outer, parietal, or 
somatic, and an 

inner, visceral, or 
splanchnic layer. 
The cavity between 
these is the incipient 
body cavity. A 

double fold of so- 
matic mesoblast, 
carrying with it a 
single sheet of epi- 
blast, rises up round 


Fig. 400. — Diagram of foetal membianes about the embryo, 
— Aftei Turner. arching over it to 


E , Embryo , // , gut lined by hypoblast, dotted — 
the dark is mesoblast , UV ^ umbilical vesicle or 
yolk-sac, AC, ammotic cavity, am, amnion 
proper, sz„ sub/onal membrane, ALC , allantoic 
cavity , al , allantois , zp , may be here taken to 
represent the early epiblastic tiophoblast The 
figure does not show that the amnion folds consist 
of both epililast and mesoblast 


form the amnion. 
Over the embryo 
the folds of amnion 
meet in a cupola, 
and the inner layers 


of the double fold 


unite to form the “ amnion proper,” while the outer layers 
also unite to form a layer lying internally to the epiblastic 
blastocyst wall, — and termed by Sir William Turner the 
subzonal membrane. The folds of amnion are continued, as 
the diagram shows, ventrally as well as dorsally, so that the 
subzonal membrane surrounds the embryo beneath the 
blastocyst wall, while a splanchnic layer of mesoblast grows 
round about the hypoblastic yolk-sac. The space between 
the two layers of mesoblast is continuous wuth the body 
cavity of the embryo. The epiblastic outer wall or tropho- 



CONNECTION BETWEEN EMBRYO AND MOTHER, 731 

blast, and the mesoblastic subzonal membrane, are included 
m Hubrecht’s term — diplotrophoblast. (5) From the hind- 
wall of the gut there grows out a hypoblastic sac, the 
allantois, insinuating itself and spreading out in the space 
between the two layers of mesoblast. As an outgrowth of 
the gut, homologous with the bladder of the frog, the 
allantois is lined by hypoblast or endoderm, but it is 
covered externally by a layer of mesoblast, which it bears 
with it as It grows In all placental Mammals, the allantois, 
which becomes richly vascular, unites with the subzonal 
membrane, and therefore with the external epiblast as well, 
to form the foetal part of the placenta, with outgrowing 
vascular processes or villi, which fit into corresponding 
depressions or crypts on the wall of the uterus. To the 
mesoblastic wall of the allantois, plus the subzonal membrane, 
the term “ chorion is sometimes applied ; but as the word 
has been used in many different senses, its abandonment is 
almost imperative. The complex union of allantois with 
diplotrophoblast Hubrecht calls the allantoidean trophoblast. 
(6) But in the hedgehog, rabbit, and some other Eutherian 
types, as well as in certain Marsupials, there is a mode of 
embryonic nutrition between that attained by the epiblastic 
trophoblast and that affected by the final placenta. The wall 
of the yolk-sac, hypoblastic internally, mesoblastic externally, 
unites with the subzonal membrane, and becomes the seat of 
villous processes, which through the external epiblast are con- 
nected with the uterine wall Thus is formed what Hubrecht 
calls an omphaloidean trophoblast or yolk-sac placenta. In 
connection with this yolk-sac placenta it will be recollected 
that the yolk-sac, here as in the Bird, is a vascular structure 
well fitted for a placental function. In the Bird and in 
most Mammals, however, the splitting of the mesoblast as 
it follows the contour of the yolk-sac forms a space — the 
extra-embryonic body cavity — between the yolk-sac and the 
subzonal membrane. When a yolk-sac placenta is developed, 
the splitting of the mesoblast is retarded, so that the 
vascular yolk-sac comes to he close under the subzonal 
membrane. This is especially well seen in Ferameles (see 
Fig. 397), and is of much importance in the formation of 
an efficient yolk-sac placenta 

(7) The embryo lay at first in a groove of the uterine wall, 
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moored by the preliminary blastocyst villi^ which are as it 
were pathfinders for those subsequently developed from 
yolk-sac and allantoic regions At the point of attachment 
the mucous lining of the uterus ceases to be glandular, and 
becomes much more vascular. As the embryo becomes 
fixed, the blastocyst almost eating its way in, the outer 
epithelium degenerates and disappears , below this the next 
layer of the mucous membrane becomes spongy and exhibits 
unique blood spaces, forming what Hubrecht calls the 
trophospongia ; below this there is the vascular and vitally 
active remainder of the mucosa, less modified than the 
above-mentioned sponge; below this again there are the 
muscular and other elements of the uterine wall, with which 
we are not now concerned The most important fact to 
emphasise is, that the maternal blood in the spaces of the 
spongy outer layer of the mucous membrane directly bathes 
the foetal tissue represented by the trophoblast By the 
activity of the trophoblast cells, the nutritive and respiratory 
advantages of the maternal blood are secured for the vilh of 
the allantois and yolk-sac. It ought also to be mentioned 
that, mainly by a folding of the uterine wall, the hedgehog 
embryo is virtually enclosed in a maternal sheath, homo- 
logous with a fold called the decidua reflexa in human em- 
bryology, and analogous with a similar capsule in the rabbit. 

To sum up — 

I At an early stage a wall of epiblast encloses an aggregate of 
hypoblast (Figs 395, 396, I,, 398) 

2. The epiblast divides into an embryonic disc and an outer blasto- 
cyst wall, with fixing and nutritive functions,— the trophoblast 
(Fig 396, I and 11 .) 

3 The hypoblast becomes a sac, of which the upper portion lines 

the gut, while the lowei part forms the yolk-sac (Fig 396, III.), 

4 The mesoblast divides into somatic and splanchnic layers ; a 

double fold of the somatic layer (along with a slight sheet of 
epiblast) fornis the amnion, of which the outei limbs unite as 
the subzonal membiane, and form, along with the external 
epiblast, the diplotrophoblast. The splanchnic layer of the 
mesoblast is continued round the yolk-sac (Fig. 399). 

5. The allantois grows out fiom the hind legion of the gut, being 

lined internally by hypoblast, externally by splanchnic meso- 
blast. The allantois plus the diplotiophoblast always foims the 
true placenta (Fig. 400). 

6. Part of the yolk-sac wall, uniting with the diplotiophoblast, also 

foims an efficient but tempoiary placenta 
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7 At the aiea of fixing, the uterine epithelium degenerates, the 
glands disappeai, vasculaiity increases The outer part of the 
modified mucous membrane (or decidua) becomes a spongy 
tissue, with spaces filled with maternal blood. This maternal 
blood bathes the tiophoblast, which is intermediate between it 
and the placental villi 

The three modes of embryonic nutrition are as follows • — 

{a) At hist the maternal blood bathes the lacimm in the epiblastic 
outei wall— the tiophoblast wuth its preliminaiy pathhnding villi 



Fig 401. — View' of embiyo, wuth its foetal membianes 
— After Kennel 

ajH , Ammon proper ; d , dwindled ^’■olk-sac , al , allantois , al' , 
suh/onal membrane ,2,2', vxlli Outside the sub?onal mem- 
brane there is the delicate ectodermic trophoblast {s ch ) 

{b) An efficient yolk-sac placenta functions foi a time, but deci eases 
and shrivels as the hnal allantoidean placenta develops. The 
maternal blood m the spaces of the outer layer of the mucous 
layer of the uteius bathes the trophoblast. Thus it comes into 
indirect connection with the vascular villi from the region where 
the yolk-sac wall unites with the diplotrophoblast. This yolk- 
sac placenta is well seen in Insectivora, Chiroptera, Rodentia, 
the horse, etc , and seems to be to some extent developed m all 
Mammals (except Monotremes) as yet examined. 

(c) The final placenta is allantoidean 

In the above description the yolk-sac placenta has been emphasised 
Dn account of its comparative importance, but it must be clearly under- 
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stood that the allantoic placenta is often the only one well developed, 
and IS always of supreme importance in reference to the nutrition of 
the embryo. 

From the comparative standpoint the most impoitant variations in 
legaidto the placenta are — first, the method of distiibution of the vilh 
on the surface of the allantois , and second, the extent of the connection 
between maternal and foetal tissues. Where the connection is very 
intimate, parts of the maternal tissue come away at buth, and the 
placenta is said to be deciduate. Where there is a less close intei locking, 
the foetal villi aie simply withdrawn from the maternal ciypts, and the 
placenta is indeciduate. In Pei~ameles^ and to a less extent in the mole 
[Talpa), not only is there no loss of mateinal tissue, but part — in 
Perameles the greatei part — of the festal portion of the placenta is 
absorbed in situ by maternal leucocytes, a condition desciibed by 
Hubrecht as contra-deciduate. The distinction between the deciduate 
and indeciduate forms is not perfectly sharp, and Hubrecht prefers the 
older terms, Caducous and Non-Caducous. 


Caducous 

or 

Deciduate 
(Vascular 
paits of 
maternal 
placenta 
come 
away 
at birth ) 


The Customary Classification of Placentation 

iMeta-Discoidal — Villi, at first scattered, are> Homo and 
' restricted to a disc j Monkeys. 

Around the embryo the maternal 
mucous membiane foims a capsule 
(decidua reflexa), also seen in hedge- 
hog. 


Distoidal . — Villi on a circular 
cake-like disc. 


I'Rodentia 

Insectivora (in the mole inde- 
ciduate and in pait contia- 
decidnate) andChiroptera. 

Most Edentata. 

Perameles (contia - decidu- 
ate). 


Zonary . — Villi on a partial 
or complete girdle 
^ round the embryo. 


Non-Caducous 

or 

Indeciduate. 
(Maternal 
part of 
placenta does 
not come away 
at birth. ) 


Cotyledonary.- 


Carnivoia. 

Elephants and Ilyiax. 
Oryderopiis and JDasypus 
among Edentata. 

Dugong (wholly or in great 
part non-deciduate) 

•Villi in patches Ruminants. 


/"Lemurs 

I Most Ungulates, 
-Scattered Villi < Ruminants 
Cetacea. 

\.Mams among Edentata, 


except 
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Theie is some uncertainty as to the primitive foim of the placenta, 
but the fact that it is discoidal in Perameles seems to confirm Balfour’s 
view that this form must be placed lowest 

The formation of the allantoic placenta m Perameles is m essentials 
the same as m Eutherian Mammals, but m details there aie some 
striking differences The most noteworthy of these is, perhaps, that the 
cells of the uterine epithelium, instead of disappeaiing at an early stage, 
as m Eutherian Mammals, piolifeiate greatly, lose their cell outlines, 
and by the increase of the nuclei form what is known as a syncytium 
Later this syncytial layer becomes highly vascular, and foims the 
maternal portion of the placenta, wheieas, as alieady seen, m Euthena 
it is the uteime mucosa which forms the maternal part of the placenta 
Into the vascular syncytium the allantoic capillaiies grow down, until 
ultimately maternal and foetal vessels are separated merely by their 
endothelial walls and a mere trace of syncytial protoplasm. The 
connection between the yolk-sac wall and the uterus is effected m a 
similar manner 


General Life of Mammals 

Most Mammals live on dry land The bats, however, 
have the power of flight, and various forms are able to 
take long swooping leaps from tree to tree. Thus there are 
‘‘flying phalangers,” such as Fetaurus^ among Marsupials; 
“flying squirrels,” such as Fteromys, among Rodents; 
“flying lemurs ” {Gakopithecus), allied to Insectivores Not 
a few are aquatic, — all the Cetaceans, the two Sirenians, and 
the Pinniped Carnivores, such as seals and walruses ; while 
water-voles, beavers, otters, polar bear, and many others 
are also at home in the water. Burrowers are well repre- 
sented by moles and rabbits; arboreal forms by squirrels 
and monkeys. 

As to diet, man, many monkeys, the pigs, and many others, 
may be called omnivorous ; kangaroos, hoofed animals, and 
most rodents are herbivorous ; the Echidna, the ant-eaters, 
hedgehogs and shrews, and most bats, are insectivorous, 
most of the Carnivora are carnivorous ; dolphins and seals 
feed chiefly on fishes ; but in most cases the diet varies not 
a little with the available food-supply. 

The struggle for existence among Mammals is sometimes 
keen among fellows of the same kind ; thus the brown rat 
{Mtis decumamis) tends to drive away the black rat {M, 
rattus ) ; but stress, due to over-population, is sometimes 
mitigated by migration, as in the case of the lemmings. The 
struggle seems to be keener between foes of different kinds, 
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between carnivores and herbivores, between biids of prey 
and small mammals , but combination for mutual defence 
often mitigates the intensity of the conflict. Teeth and 
claws, hoofs and horns, are the chief weapons, while the 
scales of pangolins, the bony shields of armadillos, the spines 
of hedgehogs and porcupines, and the thick hide of the 
rhinoceros, may be regarded as protective armature. In 
keeping their foothold some Mammals are helped by the 
harmony between their colouring and that of their surround- 
ings , thus the white Arctic fox and hare are inconspicuous 
on the snow, the striped tiger is hidden in the jungle, and 
many tawny animals harmonise with the sandy background 
of the desert. 

The majority of Mammals are gregarious, witness the 
herds of herbivores, the cities of the prairie-dogs, the packs 
of wolves, the schools of porpoises, the bands of monkeys. 
Combinations for attack and for defence are common ; 
sentinels are posted and social conventions are respected ; 
such migrations as those of the lemming and reindeer are 
characteristically social In the beaver village and among 
monkeys there is combination in work, and their communal 
life seems prophetic of that sociality which is distinctively 
human. 

Among Buds, mates are won by beauty of song and 
plumage ; Mammals not less characteristically woo by force 
Rival males fight with one another, and are usually larger 
and stronger than their mates. The antlers of male deer, 
the tusk of the male narwhal, the large canine teeth of boars, 
illustrate secondary sexual characters useful as weapons. 
But manes and beards, bright colours and odoriferous 
glands, are often more developed in the males than in the 
females, and may be of advantage in the rough mammalian 
courtship. At the breeding season a remarkable organic 
reaction often affects the animal : the timid hare becomes a 
fierce combatant, and love is often strongei than hunger. 
The courtship of Mammals is usually like a storm — violent 
but passing, for, after pairing, the males return to their 
ordinary life and the females become maternal Some 
monkeys are faithfully monogamous , and exceptional pairs, 
such as beavers and some antelopes, remain constant year 
after year; but this is not the way of the majority. 
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The duckmole lays eggs and brings up her young in the 
shelter of the burrow ; the Echidna has a temporary pouch. 
In Marsupials the time of gestation is very short, and there 
IS rarely a true placental union between the unborn young 
and the mother. The new-born Marsupials are very helpless, 
and are in most cases transferred to an external pouch or 
marsupium, within which they are nurtured. In Eutherian 
Mammals the gestation usually lasts much longer than in 
Marsupials, — its duration varying to some extent with the 
rank in the mammalian series , but there are great differences 
in the condition of the young at birth. “In those forms,’' 
Sir W. H. Flower says, “which habitually live in holes, like 
many Rodents, the young are always very helpless at birth ; 
and the same is also true of many of the Carnivora, which 
are well able to defend their young from attack In the 
great order of Ungulates or Hoofed Mammals, where in the 
majority of cases defence from foes depends upon fleetness 
of foot, or upon huge corporeal bulk, the young are born in 
a very highly developed condition, and are able almost at 
once to run by the side of the parent. This state of relative 
maturity at birth reaches its highest development in 
the Cetacea, where it is evidently associated with the 
peculiar conditions under which these animals pass their 
existence.” 

The maternal sacrifice involved in the placental union 
between the mother and her “foetal parasite,” in the pro- 
longed gestation, in the nourishment of the young on 
milk, and in the frequently brave defence of the young 
against attack, has been rewarded m the success of the 
mammalian race, and has been 3‘ustified in the course of 
natural selection. But it is important to recognise that the 
maternal sacrifice — whatever its origin may have been — 
expresses a subordination of self - preserving to species- 
maintaining. Thus other-regarding as well as self-regarding 
activities have been factors m evolution. 

Pedigree. — The origin of Mammals remains obscure, but there 
IS much to be said for their affiliation to some ancient Reptilian stock, 
such as the Anomodontia (especially the Theriodontia), 

In several features the Monotremes link the Mammals to living 
Reptiles, eg. the structuie of the pectoial girdle, the cloaca, the 
condition of the genital ducts, the relatively large ova with meroblastic 
segmentation, but it is out of the question to think of any of the 

47 
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living types of Reptiles as near the direct line of Mammalian 
pedigiee. 

In Anomodontia” there aie so many mammalian features in the 
skeleton that in spite of the complex lower jaw aiticulating with a 
fixed quadiate, the presence of an os tiansversum, pre- and post- 
fiontalsj etc., some have doubted whether they should be ranked as 
Reptiles at all. We may note that they were purely teiiestrial 
animals (of laige size) with limbs lifting the body high off the ground, 
that the squamosal sometimes descends fai down outside the quadrate 
and may shaie in the articulation for the lowei jaw, that the quadrate is 
often small, that there is a single tempoial arcade compaiable to the 
mammalian zygomatic arch, that the teeth are heteiodont, that the 
pelvic bones unite in an os innominatum with a continuous ischiac 
symphysis, that the scapula often has a spine, that the occipital condyle 
may be double, that there is a beginning of i eduction and consolidation 
of skull bones, and so on 

But it may quite well be that the Anomodontia are not m the direct 
line of Mammalian ancestry, but represent a side-branch from tiansi- 
tional foims connecting Reptiles and Mammals. 

The student should look back to the characters common to the 
Amniota (Reptiles, Buds, and Mammals), e the presence of amnion 
and allantois, the absence of gills, etc , foi these indicate a close 
alliance fai apait from Ichthyopsida, and it seems therefore unprofitable 
to look for the loots of the Mammalian stock so low down as among 
Amphibians. 

Nevertheless, amid so much uncertainty, we may recall the facts that 
in Amphibians we find two occipital condyles, a reduced quadrate, a 
somewhat mammalian caipus, holoblastic ova, and so on 

The oldest Mammalian fossils are from Triassic strata, but they thiow 
little or no light on pedigiee, partly perhaps because they are few and 
fragmental y, partly also because they seem already specialised forms. 
They are often giouped together as Allotheiia or Multituberculata and 
placed near the Monotremes 

In the Juiassic period theie are more of the dubious Allotheria, 
e g Plagiaulax^ some triconodont ” Marsupials, e g Triconodon and 
AmpkihsUs, and the Tiituberculata, e.g. Aniphithemtm ^ some of which 
suggest primitive Insectivora. There aie few Cretaceous fossil remains 
of Mammals, but some of them suggest that the orders of Eutheria 
were incipient. 

In the earliest Eocene strata, Mammals related to modern types begin 
to be abundant, but we cannot do more than notice two points — {a) 
there were some generalised types, eg, Creodonts and Condylarthra, 
with relationships to several extant oiders , {b) that the early forms were 
mostly small animals with small biams, pentadactyle, with 44 teeth 
including small canines and bunodont molars. 

Professor Osborn has suggested that there weie two mam lines of 
mammalian evolution — (a) the Mesoplacentalia,” Amblypoda, 
Coryphodontia, Dinoceiata, Tillodontia, and many Condylarthra and 
Creodonts, m which the biain remained small and unspecialised, which 
died out in the Miocene (unless the Marsupials, Insectivores, and 
Lemurs represent then* descendants), and {d) the successful lines of 
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“ Cenoplacentalia,” which made, so to speak, a fresh stait, with £ 
piemiiiin on biains, and led to most of the modern types. In almos 
every case, it may be said that an order begins \\nth small repre 
sentatives, and that the giant forms almost always indicate the enc 
of a race. 


Systematic Survey of the Orders of Mammalia 


I Sub-class Prototheria or Ornithodelphia, Orden 
Monotremata, and (?) Allothena oi 
Multituberculata. 

II. „ Metatheria or Didelphia, Orders Poly 

protodontia and Diprotodontia. 

III. j, Eutheria or Monodelphia 


I. 

2 

3 - 

4 


5 - 

6 . 

7 * 

8 . 

9 * 

10 

1 1 . 

12. 

^ 3 - 


Orders of Euiheria. 


Xenarthra. ) 
Nomarthra. j 
Sirenia 


“Edentates.” 


Ungulata. 

Hyracoidea. 

Proboscidea 
Extinct sub-orders. 

Cetacea. 

Mystacoceti — baleen cetaceans. 
Aichoeoceti — (extinct types). 
Odontoceti — toothed cetaceans 

Rodentia. 

Simplicidentata 

Duplicidentata. 

Carnivora. 

Pinnipedia. 

Insectivora. 


Galeopithecidse or Dermaptera. 
Chiroptera. 


Megachiropteia 

Microchiroptera. 

Prosimise or Lemuroidea. 
Anthropoidea. 


= Primates, 
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Sub-Class Prototheria {Sy7i, Ornithodelphia), 
Orders Monotremata and (?) Allotheria 

The Monotremes include the {Ormthorhymchiis 

anatinus\ the spiny ant-eater {Echidna aaileata), and a 
third form resembling Echidna^ but often referred to a 
distinct genus as Eroechidna. These are the lowest 
Mammals, very different from all the rest, and they exhibit 
affinities with Reptiles. 

The duckmole is found in the rivers of Australia and 
Tasmania; Echidna in Australia, Tasmania, and New 

Guinea, Proechidna in New 
Guinea. 

In Ormthorhynchus the skin 
is covered with soft fui ; in 
Echidna and Proechidna there 
are spines among the hairs. 
The mammaiy glands in the 
female Ornithorhynchus open 
on a fiat patch; m Echidna^ 
in a depressed area around 
which a temporary pouch seems 
to be developed. There are 
no distinct mammae. 

The vertebral centia have 
weak epiphyses in Ornithorhyn- 
chus ^ and apparently none in 
Echidna, In the duckmole the 
post-sacral vertebrae are stronger 
than the pre-sacral. The skull is smooth and polished as in 
Birds, for the sutures disappear. The lami of the lower jaw 
do not unite in front, have no ascending process, and have a 
slightly inflected angle. In Ornithorhynchus there are true 
mammalian teeth, but only in the young ; in Echid?ia none 
are present Cervical ribs remain distinct for a time at least ; 
the odontoid process of the second vertebra is for a long 
time free from the centrum. Except on the atlas of 
Echidna^ the cervical vertebrae are without zygapophyses 
or articular processes. The (meta-) coracoids reach the 
sternum; there are also large precoracoids (often called 
epicoracoids, but homologous with the precoracoids of many 



Fig. 402 — Pectoral giidle 
of Echidna. 


sc , Scapula , cl , clavicle , i cl ^ 
prosternum or “ interclavicle” , co , 
coracoid or metacoracoid, c to , 
procoracoid or pi ecoracoid , st , 
niesosternum. 
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SUB- CLASSES OF MAMMALS. 
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Two epipubic bones. Generally two epipubic bones. Only hints of epipubic bones (some foetal 

Carnivoies and Ungulates) 

. . . . The angle of the lower jaw is inflected 

(except in Tarsi^es). 

Blood temperature, 35^-28° C. Blood temijerature, 3tz°-56^ C. Blood tempeiature, 35'’-40° C 
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Reptiles and Amphibians) and a T-shaped prosternum 
(sometimes called interclavicle), on which the inner ends of 
the clavicles rest, the outer ends abutting on the aciomion 
of the scapulae. In Ornithorhynchiis the ischia form a long 
ventral symphysis; in EcJiidfia the acetabulum socket foi 
the femur is incompletely ossified (reminding one of Birds, 
though It is only a secondary peculiarity) , the pubes bear 
epipubic bones, as m Maisupials. On the side of the 
tarsus, in the duckmole, there is a spur peiforated by the 
duct of a gland This spur is well developed in the males, 
but rudimentary in the females The male Echidna has a 
similar but smaller spur The fibula 
has a proximal process like an ole- 
cranon 

The brain is smooth in the duck- 
mole, convoluted in Echidna , the 
cerebellum is not coveied by the 
cerebrum, there is a large anterior 
commissure, and the corpus cal- 
losum is rudimentary or absent. 

The food canal ends in a cloaca 
The right aunculo-ventricular valve 
Ornithorhy7ichus is partly muscular 
(f , obturator foramen as lu Birds, while m Other Mammals 

between ischium and pubis , i i i t t 

(/) it is membranous and worked by 

papillary muscles attached to it by 
tendon-like cords (chordae tendinese). The temperature 
of the blood is about C., and is noteworthy in 

being unusually variable. In fact, the Monotremes are 
imperfectly warm blooded." 

The ureters open, not into the bladder, but into the 
urogenital canal, as they do in the embryos of higher 
Mammals. 

The testes remain in the abdomen The left ovary is 
larger than the right, as in Birds The vasa deferentia 
open separately into the urogenital canal So in the 
female do the oviducts, and these have no fringed fim- 
briated apertures nor distinct uterine region. The penis is 
attached to the ventral wall of the cloaca, and the uro' 
genital canal communicates both with the cloaca and with 
the canal of the penis. The whole structure resembles in 



Fig 403 —Pelvis of 
htdna 
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many ways the copulatory organ of certain Reptiles and 
Birds. 

The ova are large, with abundant yolk, and undergo 
meroblastic segmentation. The Protothena are oviparous. 

The duckmole, or duck-billed platypus, lives beside lakes and rivers. 
It swims _ by means of its fore-limbs, which are webbed as well as 
clawed ; it grubs for aquatic insects, crustaceans, and woims, m the 
mud at the bottom of the water or among the floating weeds. It 
collects small animals m its cheek pouches, and chews them at leisuie 
with its eight homy jaw-plates It makes long burrows m the banks, 
often with two openings, one above, one undei the water The animal 
IS shy, and dives swiftly when alaimed When about to sleep, it lolls 
itself into a ball In the recesses of the burrow^s the eggs are laid, two 
at a time. The egg measures about three-quarteis of an inch in length, 
and IS enclosed m a flexible white shell, through which the young 
animal has to break its way. 

The full-grown duckmole measuies from 18 to 20 in. m length j the 
male slightly exceeds his mate The fur is short and soft, dark blown 
above, lighter beneath. The jaws aie flattened like the bill of a duck, 
and covered with naked skin, which forms a soft, sensitive collar around 
the legion where the bill joins the lest of the skull The eyes aie veiy 
small. Theie is a well-developed but inconspicuous pinna ; the nostrils 
he neai the end of the upper part of the bill. The tail is flat 

True teeth, three on each jaw above and below, aie calcified, last for 
about a year, and are then lost, being replaced by horny plates, two on 
each jaw, above and below The spur borne on the heel seems to be 
sometimes used as a weapon, and as it persists only m the males, is 
perhaps useful in contests between rivals 

Echidna and Proethtdna live m locky regions, are mainly nocturnal 
in habit, and burrow rapidly, legs foremost They feed on ants, w^hich 
are caught on the rapidly mobile, slender, viscid tongue No tiaces of 
teeth have as yet been seen 

Strong spines occur thickly in EcJndiia^ moie sparsely in Pr'oechidna 
among the hairs. The snout is prolonged into a slender tube There 
IS a distinct pinna about an inch long The limbs bear five toes, two 
of which in Proechidna are often without claws and somewhat rudi- 
mentary In Echidna the eggs seem to be hatched m a temporarily 
developed pouch, which is apparently comparable to a much-expanded 
mamma of the type seen in the cow. 

The Allotheria 01 Multituberculata include small extinct Mammals 
(from Triassic to Eocene) with multituberculate molars, &.g Plagiaulax, 
Microlestes, Tntylodon. They are often classed with the Marsupials. 


Sub-Class Metatheria, Dieelphia, or Marsupialia 

With the exception of the American opossums, and 
a little-known mouse-like animal iCcBnolestes) from S. 
America, all the Marsupials now alive are natives of 
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Australasia. But fossil remains found in Europe and 
America show that they once had a wide range. As 
there are no higher Mammals indisputably indigenous to 
Australasia, it seems as if the insulation of that region had 
occurred after the Maisupials had gained possession, but 
before higher mammalian competitors had aiuved. Thus 
saved and insulated, the Marsupials have evolved in many 
different directions. 

The brain is less developed than in Eutherian Mammals, 
for the convolutions are simple or absent, the anterior com- 
missure IS large, the coipus callosum is practically absent. 
In the skeleton there are several peculiarities : thus the 
angle of the lower jaw is more or less inflected, except m 
the genus Tarsipes , the jugal reaches far back to share in 
making the glenoid cavity , there is practically only one set 
of teeth ; there are more incisors above than below (except 
m the wombat), and the number of incisors sometimes 
exceeds three on each side There are usually epipubic or 
marsupial bones in front of the pubic symphysis. These 
have no connection with the marsupium, as is evident from 
the fact that they occur in both sexes , they are sesamoids 
developed in the innei tendon of the external oblique 
muscle of the abdomen 

The teeth cannot be readily lediiced to the typical Eutherian formula. 
According to lecent reseaich, the milk set is clegeneiate, and is usually 
represented only by the last piemolai, which in most cases cuts the 
gum, and is for a time functional. The othei teeth coriespond to 
the permanent set of the Eutheria. Accoidmg to another view, the 
functional teeth are milk-teeth In living Marsupials there seems to 
be a suppression of what in typical placentals would be called the 
second premolar. 

A common sphincter muscle surrounds the anus and the 
urogenital aperture, and in the majority of cases the 
anus lies so much within the urogenital sinus that the 
arrangement may be described as cloacal. The scrotal sac 
containing the testes lies in front of the penis — a unique 
position. The genital ducts of the females are often 
separate throughout, so that there are two uteri and two 
vaginae. But the bent proximal parts of the vaginae some- 
times fuse and form a caecum, which, according to the 
degree of fusion, may be a single tube or divided by a 



CLASSIFICATION OF MARSUPIALS, 


745 


partition. Moreover, in Bennett’s kangaroo, the caecum 
opens independently into the sinus between the apertures 
of the distal portions of the vaginae, and forms the so-called 
third vagina. In Pera7?ieles, although such a median 
passage does not exist in the young female, it is formed by 
a process of rupture at the period of parturition The true 
vaginae are apparently too narrow for the passage of the 
embryos. 

The allantois m P&rameki,, as alieady seen, foims a tine allantoic 
placenta , in Pkascolarctos it fuses with the subzonal meinbrane, 
becomes highly vascular, and functions as an embiyonic respiratory 
organ, but does not unite with the uterine wall ; in all other Mar- 
supials, so far as is known, it is small, only projects slightly into the 
extra-embryonic body cavity, and is apparently functionless. Accord- 



Fig. 404 — Lower jaw of kangaroo. 

a , Inflected angle , / , single incisor 

ing to Hill, the condition seen in Perameles is primitive, and the other 
Marsupials show degeneration The wall of the umbilical vesicle or 
yolk-sac is highly vascular, and may unite with the uterine wall to form 
a yolk-sac placenta. 

The gestation is short, only lasting a fortnight in the 
opossum, about five weeks in the kangaroo , whereas that 
of the mare, for instance, is about eleven months. Except 
in some opossums, there is a marsupial pouch, usually with a 
forward-directed aperture. Within this pouch are the teats, 
and here the delicate young are nurtured after birth. As 
they are unable to suck, the milk is forced down their 
throat, the mammary gland being compressed by the 
cremaster muscle which covers it Vague vestiges of a 
marsupium are said to be visible in some Placentals 

Classification of Marsupials. — The Maisupials aie divided 
into two sub-orders, each of which contains four families The two 
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sets are defined by the characteis of the teeth, which are, of course, 
adapted to habit. In the members of the first sub-oider the incisors 

aie numeious (not less than ^), small, and almost equal in size ; while 

the canines are laige, and the molars furnished with sharp cusps The 
whole dentition piesents a striking resemblance to that of the Eutherian 
Carnivores To this gioup the name Polypi otodontia is applied, and 
the foims included in it aie typically carnivorous or insectivorous The 
ccecum is absent or very small 

In the remaining families the mcisois aie usually ^ in number, and 

those above aie of unequal size, the centre ones being largest The 
canines aie usually small or absent , the molais are furnished with 
blunt tubercles, or tiansverse ridges To these typically herbivorous 
forms the name Diprotodont is applied ; they are more highly special- 
ised than the Pol} protodonts, and aie moie modern. 

A POLYPROTODONTIA 

1 Family Didelphyid^e — Ameiican opossums, distributed from the 

United States to Patagonia, ai boreal in habit, usually carmvoious 
or insectnorous m diet The limbs have five clawed digits, 
the hallux is opposable The tail is geneially long, and often 
prehensile The stomach is simple ; the csecum small. The 
pouch is geneially absent, but the young aie often carried on 
the back of the mother, their tails coiled round hers. Dentition, 

4134* 

pAamples — The Virginian 01 crab-eating opossum {Didelphys 
mai siipiahs), wnth a pouch , the woolly opossum (Z). lamge^'a) ; 
the aquatic Vapock [Chii onectes)., which feeds on fish and 
smaller water animals 

2 Family Dasyuiidai — Caimvoious or insectivorous Marsupials The 

limbs have clawed digits, five m front, four or five behind The 
canines are geneially large The stomach is simple , theie is 
no coscum 

Examples — The Tasmanian wolf {Tky/aa/i us), of dog-hke form, 
dentition and the Dasyure {Dasyums), civet-like, den- 
tition are specialised as carnivores The membeis of the 

genus Phascogah aie small and insectivorous. The banded 
ant-eater {Myrmetobius) of W and S. Australia, a somewhat 
squirrel-hke animal, has a long thread-like piotiusible longue, 

and moie teeth than any other Marsupial, differs 

markedly from the other members of the family. 

3 Family Notoiyctidas — This family has been erected foi the mole- 

like Marsupial {Notoiyctes typhlops), found m the sandy deserts 
of S Australia It lives underground, is a rapid burrower, and 
in its rudimentary e} es, keeled sternum, and some other respects, 
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markedly lesembles the Cape golden mole. It is thus a good 
illustiation of “convergence,’’ i e, the appearance of similar 
characters in forms not nearly related, apparently in indirect 
response to similar conditions of life 

4 Family Peiamclidce — The burrowing bandicoots, all small in size, 
insectivorous or omnivorous in diet In the fore-feet two or 
three of the middle toes are well developed and clawed, the 
others being rudimentary , in the hind-feet the hallux is small or 
absent, the second and third toes are very slender and united 
m the same fold of skin, the fourth toe is \eiy large, the fifth 
smaller, — the whole foot suggesting that of the kangaroo The 
stomach IS simple , the emeum not large. Clavicles are absent 

in the adult but present in the fcctus. Dentition, 

^ ’ 3 134 

Examples — The true bandicoot {Pemj/ieles), remaikable foi its 
allantoic placenta ; the native rabbit {Peragale lagotzs ) ; the 
rat-hke Chceropits 

B Diprotodontia 

1 Family EpanoilhidcU — The selvas, a family of S. Ameiican forms, 

till recently believed to be entirely extinct The existing forms 
are included in the genus Cczztolesfes, with two species. They 
aie remaikable m having the upper jaw of the polypi otodont 
type, and the lower distinctly diprotodont , and also in having 
all the digits of the hind-foot free, whereas m all other living 
Diprotodonts certain of these aie united by skin (syndactylous) 
They are probably primitive forms, and their presence in S 
Ameiica is highly impoitant Theie seems little doubt that 
the Diprotodonts have been evolved in the Austiahan area from 
a piimitne widely-spread polyprotodont stock If, therefore, the 
Flpanoithidcie aie really allied to the Diprotodonts, their exist- 
ence in S. America seems to indicate a former connection 
between that continent and Australia. 

2 Pkimily riiascolomyidse. — The wombats, teirestiial, vegetarian, 

nocturnal Maisupials, somewhat bear-hke in appearance. The 

dentition is rodent-iike, the teeth have persistent pulps, the 

incisors aie chisel-edged, there being no enamel except in front. 
In the embryo, however, there are four upper incisors, of which 
the first persists, and five lowei incisors, of which the third 
persists The fore-feet have five distinct toes, with strong nails ; 
the hind-feet have a small nailless hallux, the second, third, and 
fourth toes partly united by skin, the fifth distinct. The tail is 
very short. The stomach is simple ; the emeum very short. 

There is but one living genus — Phai>colomys^ with three 
species 

3 Family Phalangeridce, — Small woolly arboreal nocturnal Marsupials, 

with vegetarian or mixed diet. The fore-feet have five distinct 
toes ; the hmd-feet have a large, nailless, opposable hallux, the 
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second and thud toes aie nanow and bound togethei by skin, 
the fourth and fifth free The tail is geneially long and pie- 
hensile The stomach is simple, the caecum usually laige 

Aveiage dental foirnula, 

° 1, o, 0-2, 3'4 

Examples. — The grey Cuscus {Phalanger oneiiialis) , Ta^sipes^ a 
small mouse-like animal which feeds on honey, and is lemaik- 
able m having no inflection of the angle of the mandible and 
no csecum ; the fl>ing phalangeis {Pefaiints), with a paiachute 
of skin extending from the little finger to the ankle , the Koala, 
or “native bear” [Phasiolanfos an- 
ereus\ a lelatively laige foim, about 
2 ft, in length An extinct form, 
Thylatoleo^ of the late Teitiaiy peiiod 
of Australia, is mteiestmg in its extia- 
ordinaiy dentition, the functional teeth 
being reduced to laige fiont incisoisand 
the third premolais, both adapted foi 
sharp cutting 

4. Family Maciopodidee — Kangaioos, heibi- 
vorous terrestrial Maisupials Denti- 
tion, The incisois aie shaip, 

and suited for cropping herbage The 
hind-legs are usually larger than the 
fore-legs, and the animals move by leaps. 
Examples. — The true kangaioos, e g 
Macropus \ the lat-kangaroosoi potoioos 
{Potoiotts) , the genus Hypsipjynmodon^ 
with a foot appioachmg that of the 
Phalangers 

Fig 405. — Foot of xhe tiue kangaioos, belonging to the genus 

young kangaroo. Macropus, include the largest living Marsupials , 
2, 3, Small syndactylous but Within the genus there is much diffeience m 
toes, 4, large fourth gize 

toe, 5, fifth toe kangaioo {M giganteuP) lives on 

the grassy plains of Eastern Austialia and 
Tasmania, and is as tall as a man , the Wallabies, at home in the bush, 
are smaller, and some are no biggei than rabbits. 

The hind-limbs seem disproportionately long, and aie well suited foi 
rapid bounding The long tail, earned hoiizontally, helps to balance 
the stooping body as the animal leaps, and it gives additional stability 
to the erect pose: The fore-limbs sometimes come to the giound when 
the animal is feeding, and in the laigest species they aie strong enough 
to throttle a man 

The fore-limbs bear five cla^Ved digits; the hind-feet have only foiii 
The hallux is absent ; the fourth toe is veiy long , the fifth is about 
half as large , the thud and second are too slendei to be useful foi 
more than scratching, and are bound together by the skin (syndactylous) 
The length of the hind-limb is due to the tibia and fibula, and to the 
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foot The clavicles and foi e-arm are well developed. The epipubic or 
marsupial bones are large 

The kangaroos feed on herbage, and are often hunted down on 
account of the damage which they do to pastures and ciops The 
shaip incisors aie suited for cropping the grass and herbs, which the 
ridged and tuberculated molars crush 

As the kangaroos aie exclusively herbivorous, it is not sui prising to 
find that the stomach is laige and complex, with numeious saccules on 
Its walls The wdiole gut is long, and there is a well-developed csecum. 

Numeious fossil forms related to the kangaroos are found in Australia, 
some considerably larger than the existing forms. The gigantic Dipro- 
todon aiistrahs, which was as large as a rhinoceros, is related both to 
the kangaroos and the phalangers. Except the S American forms 
aheady mentioned, Dipiotodont marsupials are unknown, either living 
or fossil, outside the Austialian area. Forms related to the Polypro- 
todonts are, on the other hand, common as fossils m both Europe and 
America In S America, further, fossil marsupials related to the 
Dasyuridc-e occur ; and as these are not knowm elsewhere, their presence 
affords a further confirmation of the view that Australia and Patagonia 
w^eie once connected. 


Sub-Class Eutheria 
Edentates 

The Edentates include a number of very distinct types, 
which require at least two orders — {a) the New World sloths, 
ant-eaters, and armadillos, {b) the Old World pangolins and 
aard-varks. The modern forms are specialised survivors of 
waning and probably primitive stocks, and they show many 
interesting protective peculiarities of structure and habit 
which secure their persistence. Thus some are arboreal, 
others are burrowers, and many are covered with strong 
armature. 

While the existing sloths, ant-eaters, and armadillos aie not nearly 
related to one another, the numerous fossil Edentates found m S. 
Ameiica connect them to a common stock It is otherwise, however, 
with the pangolins and the aard-varks. Some authorities separate 
them (as Nomarthra or Effodientia) from the American Edentates 
(Xenarthra) ; but according to others there is little evidence that the 
pangolins and aard-varks are related to each other. In view of the 
uncertainty, it will be readily understood that few “general characters’’ 
of Edentates can be given. Almost the only common characters of 
Edentates concern the dentition Functional teeth may be absent, 
but the ant-eaters (Myrmecophagidm) are the only forms which still 
appear strictly edentulous. When piesent, the teeth are uniform, 
usually simple, without roots, and with persistent pulp. They are 
never present in the veiy fiont of the mouth, and they have not 
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more than hints of enamel. Till lecently the dentition was de- 
scribed as monophyodont, but there is evidence of two sets in TaLisia, 
Oiycteropzis^ Da^ypus^ and others. It is the milk set which dis- 
appeais. 

A common primitive chaiactei is the peisistence of the testes in the 
abdominal cavity. 

The placenta shows much diversity, but the repioductive phenomena 
are impeifectly known In the sloths and ant-eaters the placenta is 
usually desciibed as dome-shaped ; but according to some authoiities 
this is merely a stage in the giowth of a placenta, which is at hist poly- 
cotyledonary, and later discoidal The discoidal deciduate type appears 
again in the armadillos, but in Dasypit^ among them it is said to be 
zonary. In the pangolins it is diffuse and indeciduate ; in Oiyctmvpns, 
apparently by a suppiession of the polar villi of a diffuse type, it is 
zonary, and doubtfully deciduate. 

Ordei Xenarthra 

I Bradypodidae — Sloths. — The three-toed sloths {Bi acfypiis) and the 
two-toed sloths {Chotcepus) are restricted to the forests of S 
and Central America They are the most arboi eal of mammals, 
passing their whole life among the blanches, to which they 
hang, and along which they move back downw^ards. They are 
solitary, nocturnal, vegetarian animals, sluggish, as their name 
suggests, and with a very firm grip of life. Their shaggy hitles 
harmonise with the mosses and lichens on the blanches, and 
the protective resemblance is increased by the piesence of a 
green alga on the hair. Their food consists of leaves and 
shoots and fruits. 

The body is covered with coarse shaggy hair , the head is lounded, 
and bears very small external ears ; the foie-limbs aie longer than the 
hind-limbs, and the two or three digits are bound together by skin, and 
have long claws ; the tail is rudimentaiy 

Concerning the skeleton we may note the lootless, imenamelled, 
peg-like teeth, the incomplete zygomatic arch with a descending process 
from the jugal, the presence of clavicles, the rod-hke appeaiance of the 
embiyonic stapes, the occurrence of nine cervical veitebuc in Brady pus ^ 
of six m Cholcbpus (but see p. 694). The adult Bradypu'^ has some- 
times a separate coracoid or epicoracoid 

As in most herbivorous animals, the stomach is complex, but theie is 
no caecum In the limbs the mam blood vessels break up into numerous 
parallel branches. The uterus is simple; the vagina seems to be 
originally divided by a median partition ; the placenta is deciduate, 
and changes in shape during development. One young one is bom at 
a time 

2. Megatheriidse or Ground Sloths — extinct forms of large size, 
intermediate between the sloths and the ant-eaters Their 
remains are found m Pleistocene deposits in N and S America. 
Megatherium exceeded the rhinoceros m size. Near the Mega- 
therndse the recently exterminated or still living Neamylodoti 
may be included. 
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3. Myrmecophagidfx; — the Ant-eateis, hairy animals, without even 
traces of teeth, with long thread-like piotiusible tongue, viscid 
with the secretion of gieatly enlaiged submaxillary glands. 
One foim, Myrmecophaga pthata, is tenestrial , the others, 
belonging to the genera Tafnandiia and Cydoimits^ are 
arboieal All feed on insects. All aie Neotropical. The 
skull IS long , the thud finger is greatly developed, the others 
are small , the pes has foui 01 five almost equal clawed toes ; 
the clavicles are rudimentaiy ; the tail is long and sometimes 
prehensile The biain is well convoluted The uterus is 
simple the placenta is dome-like or discoidal. 

4 Dasypodidae — the Aimadillos, all S Ameiican except Tatusza 
novetJicincta, which extends as far noith as Texas They aie 
nocturnal, omnivorous animals, able to lun and buirow rapidly 
They are unique among living Mammals in having a dermal 
armature of bony scutes united into shields and imgs, and 
covered by horny epideimis. The teeth are numerous, simple, 
and of persistent growth Clavicles aie well developed. The 
digits have strong claws or nails The brain has large olfactory 
lobes ; the cerebral hemispheres have few convolutions 
The tongue is long and piotrusible, and the submaxillary 
glands are large. The stomach is simple. The uterus is 
simple ; the placenta is discoidal and deciduate, except m 
Dasypus 

Examples. — Dasypus, ChlamydophoriLS, Tatusia 

5, Glyptodontidai — extinct Pleistocene types, mostly S American, 
but represented in Mexico and Texas The body was often 
huge, and was covered by a solid cai apace of great strength. 

Older Nomarthra 

I Manidse — the Ethiopian and Oiiental Pangolins, covered dorsally 
with overlapping horny scales. They are teirestrial, burrow- 
ing animals, but sometimes climb trees. They usually feed 
on termites Teeth are rudimentaiy, the tongue is long 
and protrusible The uteius is bicornuate , the placenta 
diffuse and indeciduate. There is one extant genus, 
Mams 

2. Orycteiopodidoe — the Ethiopian Aaid-varks, repiesented by two 
species of Orycteroptts, ranging from S. Africa to Egypt. They 
are shy, nocturnal animals, living in burrow^s, feeding on 
teimites. There are numeious complex teeth, diffeiing m 
structure from those of any other known Mammal The 
skin beais scanty bristles. The mouth is tubular, and the 
tongue is narrow and protrusible The digits bear nails 
suited for digging The uterus is bicornuate, the placenta 
broadly zonary. The relation to the other Edentates, or, 
indeed, to other Mammals, is unceitain. 
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Order Sirenia. Sea-Cows 

A small decadent order of sluggish, aquatic, vegetarian 
Mammals, in no direct way connected with Cetaceans, to 
which they have some superficial resemblance (convergence). 
Theie are two living genera, — Halim'e (Dugong) and 
Manatus (Manatee), and one was recently exterminated 
[Rhyttna). 

The Sirenia are sluggish, with massive heavy bones, a 
plump body, some oil, and sparse hair on the thick tough 
skin In adaptation to aquatic life, they have a fish-like 
form, a powerful tail with a “ caudal fin,” no external trace 
of hind-limbs, flipper-hke fore-limbs, no external ear, valved 
nostrils at the end of the snout, networks (retia mirabilia) 
in the arteries (useful in prolonged immersion). They are 
herbivorous, feeding on algae and estuarine plants; and, 
like others of similar habit, have a chambered stomach, a 
long intestine, and a caecum. 

They are primitive, and with this fact may be associated 
the abdominal testes, the absence of distinct epiphyses on 
the vertebiae (cf. Prototheria), and the small brain with few 
convolutions. 

The paddle-shaped fore-limbs have, at most, rudimentary 
nails , the digits have never more than three phalanges, and 
the elbow and wiist joints are distinctly movable, whereas 
in the Cetacea the fore-limbs are more or less stiff from the 
shoulder. There are no clavicles. The skull is not like 
that of Cetaceans. The nasals are, at most, rudimentary. 
There are no canine teeth. There are chevron bones below 
the tail There are no hind-limbs. The pelvis is rudi- 
mentary, and there is no sacrum. In the extinct Hali~ 
therium there was a vestigial femur. 

The small eyes have imperfect eyelids, but have a nicti- 
tating membrane. In the mouth there are horny crushing 
plates. The ventricles are separated by a cleft. The 
uterus IS bicornuate. Two teats lie behind the armpits. 
The placenta of the dugong is zonary, wholly or in great 
part non-deciduate. The placenta of the manatee has not 
yet been investigated. 
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Manatee [Manatus), 


Neck veitebipe leduced to sik. 

Abortive incisors {%) m both sexes 

Molars (|J) six or so at a time, 
uniform, with square enamelled 
crowns, and tubei ciliated trans- 
verse gi Hiding ridges 

Prernaxillm almost stiaight. 

Tail rounded. 

Rudimentary nails on fingers 

Ctecum divided. 

M australis and M senegale?isis 
live in the mouths of great nveis 
which flow into the tiopical 
Atlantic. 


DugONG [Halicore) 


The usual seven neck \ertebim 
Two tusk-like incisors peisist m 
the male 

Alolais (5 or|;, 2 oi 3 at a time), 
primitive, with peisistent pulps 
and no enamel 

Premaxillas ciooked downwards 
Deeply notched tail 
Nailless digits 
Thick and single coscum 
H tabe) nacitli ^ E African coast 
and Red Sea , H dugong, Indian 
and Pacific Oceans^ eastwaid 
from the home of the last species 
to the Philippines , H australis, 
E and N. Austialia 


The genus Rhytina was toothless, with a slightly ciooked snout, 
small head and arms, and thick naked skin Steller’s sea-cow [R 
sielleri) — the only known species, from the Noith Pacific — seems to 
have been exterminated about 1768 The teitiary Hahthcriuni had 
traces of hin-d-hmbs 


Order Ungulata 

Hoofed Animals — Artiodactyla, Perissodactyla, Hyra- 
coidea, Proboscidea, and extinct sub-orders 

This large and somewhat heterogeneous order in- 
cludes pigs, hippopotamus, camels, cattle, deer, tapirs, 
rhinoceros, horses, hyrax, elephants, and some other distinct 
types. 

They are terrestrial, and for the most part herbivorous 
animals Their digits generally end in hoofs or at least in 
broad flat nails In the adults of the modern types there 
are no clavicles The teeth are diverse, the milk set m part 
persistent until the animal attains maturity. 

In the typical Ungulates the feet are never plantigrade. 
In modern types there are never more than four functional 
toes The os magnum of the carpus articulates freely wnth 
the scaphoid. The brain is well convoluted The testes 
descend into a scrotum. The uterus is bicornuate The 
48 



754 


MAMMALIA. 


placenta is (a) mdeciduate, and diffuse or cotyledonary; 
or {b) deciduate and zonary. 


Ungulata Vera * Artiodactyla and Perissodactyla 


ART10D4CTYLA— Pigs, Camels, 
Chevrotains, and Ruminants 


The thii d and fourth digits of each 
foot aie equally developed, and 
the line halving the foot luns 
between them. 

The preraolars and molais aie 
usually different, but geneially 
bunodont oi selenodont. 

There are nineteen doiso-lumbai 
vertebi se. 

The femui has no third trochantei . 

The astragalus has always equal 
ai ticular facets foi the na\ iculai 
and for the cuboid. The cal- 
caneum has an articular facet for 
the fibula, if that bone is fully 
developed. 

The stomach tends to be complex, 
and the ccecum is small. 

The mammre are few and inguinal, 
or numerous and abdominal 

The placenta is diffuse or cotyle- 
donary. 

There are often bony outgiowths 
from the frontals. 

There is no alisphenoid canal 


Perissodactyi a— Tapirs, 
Rhinoceros, PIorses 


The thii d digit occupies the middle 
of the foot, IS laigest, and is 
symmetrical on itself, so that the 
line halving the foot bisects the 
thn d digit 

The piemolais lescmble the 
molars. 

Theie aie almost always twcnty- 
thiee doiso-lumbai vertebi re 

The femui has a thn d ti ochantei 

The astiagalus has a large facet 
for the naviculai , a small facet 
for the cuboid. The calcaneum 
does not articulate with the 
lowei end of the fibula (except 
Mac7 auchenid) 

The stomach is always simple, and 
the caecum is large 

The mammae ai e always inguinal 

The placenta is always diffuse. 

Theie aie never bony outgiowths 
fiom the frontals 

Theie is an alisphenoid canal 
transmitting the external caiotid 
cU tei y. 


Sub-Order Artiodactyla. Even-toed Ungulates 

Pigs and Hippopotamus (Suma), Camels (Tylopoda), 
Chevrotains (Tragulina), and Ruminants (Pecora) like 
Cattle and Deer. 

The general characters of this sub-oider have been slated 
above in contrast to those of Perissodactyla. The equal 
development of the third and fourth digits, the fact that the 
premolars have a single lobe while the molars have two, the 
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nature of the tarsal bones, the tendency that the stomach 
has to be complex (as m Camels and Ruminants), are im- 
portant characteiistics. There are others of less obvious 
importance, such as the absence of the alisphenoid canal, 
which in Perissodactyla encloses the external carotid artery 
as It passes along the alisphenoid 

There are primitive extinct Artiodactyla w^hich connect 
the four modern groups — Suina, Tylopoda, Tragulma, 
and Pecora Thus they unite the bunodont types, such 
as pigs, with cone-like tubercles on the crowns of the 
molars, and the selenodont types, such as cattle, with the 
tubeicles expanded from before backwards, and curved in 
crescents. 


Group I. Suina — hippopotamus, pigs, and peccaiies The molais are 
bunodont ; the thud and fouith metacaipals and metataisals are 
not completely fused as “ cannon bones.” 
liippopotamidte — Huge African mammals, included in the single 
genus Hippopotamus They spend the day in the riveis and 
lakes, swimming and diving well, but usually lemaimng concealed 
At night they come on land and biowse on grass and herbage 
The skin is exhem ely thick, with a few hairs lestiicted to the 
snout, head, neck, and tail. Theie aie four toes on each foot, all 
reaching the ground The rootless mcisois continue growing ; 

so do the large cuived canines: the dental foi inula is 

The stomach has thiee chambeis ; there is no ccecum. 

Suidc-e — The Old Woild boais and pigs, chaiacterised by the mobile 
snout and teiminal nostiils Theie are four well-developed 
digits on the nairow feet, but the second and fifth do not reach 
the ground in walking The incisors are rooted ; the uppei 
canine cuives outwaids or upwards. The stomach is almost 
simple, but has mrire or less of a cardiac pouch and seveial 
shoit blind saccules ; there is a caecum. 

Examples. — Shs, . ^abinisa. the male with lemaikable 

e 3143 3123’ 

canines, the uppei pan growing upwards fiom their base 
through the skin, aiching backwards as far as the forehead, 
and sometimes forwards and downwards again, the lower pair 
with a more or less parallel course, Fhacochcemis, the wart-hog 
Dicotyhdee. — The New World peccaries [Duotyles), with a snout 
like that of pigs, with four toes on the foi e-feet, and three behind 
The incisors are rooted, the uppei canines are directed down- 
wards, the dental formula is — - The stomach is complex, and 

j 3133 ^ 

theie IS a caicum 

Group 2. —Tylopoda, comprising the family CamelidcU— the camels 
of the Old World and the llamas of S America. The limbs 
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aie long, with onl> ihe thud and fouith digits developed , the 
two metacaipals and metataisals aie united foi the gi eater pait 
of their length, but there is a deep distal cleft ; the tips of the 
digits have very incomplete hoofs, and the animals walk on a 
broad pad of skin suiiounding the middle phalanges The 
femui is long and veitical, and the knee is low down Of the 
thiee upper incisors only one persists m adult life, as an isolated 
sharp tooth, those of the lower jaw aie long and slope forwards 
There are canines both above and below The molais aie 
selenodont. The animals lummate, and the stomach is divided 
into a lumen with several paits, a tubular psaltenum, and an 
abomasum The division between the two last is vague extei- 
nally. On portions of the rumen theie are peculiar glandular 
hone} comb-like caviUes, or ‘ Svatei -cells ” The Camelidm are 



hiG 406 — Side Mew of sheep’s skull, with roots of back 
teeth exposed 

/, Front.U , n , nasT.1 , pm , premavilla , m , maxill l , j? , jugal , 

’iq , srjuamosal , /, lachrymal 

unique among Mammals m having o\al instead of cnculai led 
blood corpuscles The placenta is diffuse 

Examples — Camehn.^ the Arabian camel (6\ d) oiuedaniis] 

has a dorsal hump of fat, the BacLrian camel (C baitnanu^) 
has two humps. The camel has a very small area of visible 
perspiration on the back of the neck, and seems to have a 
somewhat variable body-tempciatuie, two associated facts which 
may be adapted to conserving the animars water-supply m and 

countries The genus Authenia, includes the llama, 

alpaca, huanaco, and vicugna of S. Amciica, smaller foims 
than the camels, and without hiimj^s 
Group 3.— Tragulma or Chevrotains, small animals, inlcimediatc 
in then stiuctuie between the deer, the camels, and the pigs ” 
Theie aie four complete toes on each foot, but the second and 
fifth are slender , the thud and fourth metacaipals and meta- 
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tarsals are fused in Tragidus^ free in the other genus Do7'- 
tathemwi the fibula is complete. There are no upper mcisois, 
the upper canines aie long and pointed, especially m the males ; 
the lower canines aie like incisors , the dental formula is 

The Chevrotains luminate, and the stomach is divided 

into three chambeis, the many-plies being rudimentary. The 
placenta is diffuse. The Chevrotains aie often confusedly 
associated with the musk-deer {MoscJms)^ with w^hich they have 
no special affinities 

Species of Tragiiltts (smallest among living Ungulates) occur in 
Indo- Malaya, India, and Ceylon , one species of Doj'catheniim, 
of aquatic pig-like habits, is found on the west coast of Africa 
Gioup 4 — Pecoia or Cotylophoia — the true ruminants, including 
deer, giraffes, cattle, and sheep Only the third and fouith 



Fig 407. — Stomach of sheep — From Leunis. 

Ctsophagus, c, rumen or paunch, reticulum oi hone^comh- 
bag , e, psaltenum or many-phes , f, abomasum or reed , b, 
beginning of duodenum. 

digits are complete, the fused third and fouith metacarpals and 
metatarsals foim “cannon bones.” In the embryos of ox and 
sheep, the second and fifth metacaipals and metataisals aie also 
represented , the second metacarpal and fifth metatarsal aie 
unstable and soon disappeai ; small traces of the fifth metacaipal 
and second metataisal peisist. The fibula is represented by a 
small nodulai bone articulating with the lowei end of the tibia, 
and foiming the external malleolus. There may be in addition 
a ludiment of the proximal end attached to the upper pait of 
the tibia, but the two parts are never united. Paired outgrowths 
of the fiontal bones aie common, capped with horny sheaths in 
the Bovidm, deciduous and restricted to the males in almost 
all Cervidae. There are no uppei mcisois, and raiely upper 
canines , there are three pairs of lower incisors, which bite 
against the hardened gum above ; and the lower canine resembles 
and IS in the same senes as the incisors , the typical dentition is 

3 ^’ stomach has four distinct compartments. The placenta 
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IS cotyledonaiy, the villi occiunng on a numbei of distinct 
patches 

The process of lumination or chewing the cud cannot be undeistood 
without considering the complex stomach. It is divided into four 
chambeis, — the paunch or rumen, the honeycomb-bag or leticulum, the 
many-plies oi psalterium, the leed or abomasum. The swallowed food 
passes into the capacious paunch, the walls of which are beset with 
close-set villi lesembling velvet pile After the food has been softened 
m the paunch, it is legurgitated into the mouth, wheic it is chewed 
ovei again and mixed with moie saliva. Swallowed a second time, 
the food passes not into the paunch, but along a muscular groove on 
the upper wall of the globular honeycomb-bag into the thud chamber 
or many-plies The honeycomb-bag owes its name to the hexagonal 
pattern formed by the mucous membiane on its walls. The many- 
plies or psalterium is a filtei, its lining membrane being laised into 
numerous leaf-like folds coveied with papillae Along these the food 
passes to the reed, which secretes the gastric juice The first three 
chambers are strictly cesophageal, not stomachic. 

Ceividae — the widely distiibuted deer, absent only from the Ethiopian 
and Australian regions. The second and fifth digits aie usually 
represented, often along with the distal parts of the correspond- 
ing metacarpals and metatarsals. The upper canines are usually 
present m both sexes. The horns, if present, are antlers, de- 
ciduous, and usually confined to the males. In the reindeer, 
they are possessed by both sexes They are outgrowths of the 
frontal bones, are covered during growth by vascular skin — the 
velvet — and attain each year to a certain limit of growth. After 
the breeding season the blood supply ceases, the velvet dies off, 
and an annular absorption occurs near the base Then the 
antlers are shed, leaving a stump, from which a fresh but larger 
growth lakes place in the next year The eailiest (Lower 
Miocene) deer had no antlers, thus resembling young stags of 
the first year , the Middle Miocene deer had simple antlers, with 
not more than two branches, thus resembling two-year-old slags 
Thus there is a paiallehsm between the history of the race and 
the individual development 

Examples — Ceivus., most Old World deer, Rangijc} ^ the rein- 
deer; Ahes, the elk or moose, Capreohis, the roe-deei , 
HydropoteSi the water-deer, without antlers; the 

musk-deei, without antleis, with long sharp upper canines 
and large musk glands in the males 

Giraffidai, represented by the giraffe {Guajfa came/opardah^), a tall 
Ethiopian animal, notable for its enormously elongated cervical 
vertebrm, and for its long limbs It is gregai lous'in its habits, 
and feeds on the leaves of trees The lateral digits arc entirely 

absent. The dental formula IS In both sexes there are 

3^ S3 

on the forehead short erect prominences, over the union of 
parietals and fiontals, which arise from two distinct centies of 
ossification, but afterwards fuse with the skull. In front of 
these there is a median protuberance. The Okapi {Okapta), 
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from a West African forest, has a shorter neck, and the horns 
are on the frontals. It links the giraffe to the extinct 
Pahcotragiis 

Antilocapridse, represented solely by the piongbuck {Antilocapra 
ament ana), a Noith American animal, with most of the char- 
acteristics of Bovidm. The homy sheath beais one branch, and 
is periodically detached from the bony core. 

Bovidje, the hollow-horned Ruminants, widely distributed thioughout 
the world, but without indigenous representatives in Australia, 
South or Central America The second and fifth digits may be 
completely absent, but are often represented by minute hoofs and 
supporting nodules of bone. The frontal appendages, if present, 
consist of a solid bony coie growing from the frontal, and a much 
longer sheath of horn, which grows at the base as it is worn away 
at the tip. They are not deciduous, and are usually present m 
both sexes, though larger m the males. 

Examples.— Gazella^ Capra, Ovzs, Bos. 


Sub-Order Perissodactyla 
Horses, Tapirs, Rhinoceros, and their extinct allies. 

The middle or third digit of fore- and hind- feet is larger 
than the others, and symmetrical on itself. It may be the 
only complete digit, as in the horse, or it may be accom- 
panied by the second and the fouith, and in the fore-foot of 
tapirs and some extinct forms by the fifth, digit. No modern 
forms have any trace of the first digit. The astia'galus 
has a pulley-like surface above for articulation with the 
tibia ; its distal surface is flattened and unites to a much 
greater extent with the navicular than with the cuboid. 
The last-named bone is of less importance than in the 
Artiodactyla The calcaneum does not articulate with 
the lower or distal extremity of the fibula. The femur 
has a third trochanter or process for the insertion of 
muscles There are usually twenty -three dorso- lumbar 
vertebrae. 

As to the dentition, the premolars and molars form a 
continuous series, with broad transversely ridged crowns, 
the last premolars often very like the molars. 

The stomach is simple , the caecum is large , there is no 
gall-bladder. 

The mammae are inguinal, the placenta is diffuse and 
non-deciduate. 



760 


MAMMALIA. 



Fig 408. — Side view of lowei 
part of pony's fore -leg. 

k , Distal end of humerus ; u , 
olecranon process of ulna , r , 
radius , yc , scaphoid , I , lunar , 
c , cuneiform , vt , os magnum , 
'HH , unciform , I , pisiform , 
me 4, splint of fourth metacar- 
pal , me 3, third metacarpal ; 
y , sesamoid ; i, 2, 3, phalanges 
of third digit 



Fig. 409. — Side view of ankle 
and foot of hoise 

a , Astragalus , e , calcaneum ; 

« , navicular , t c , external 
cuneiform , ei /3 , cuboid , m/f 3, 
third metataisal , /;z/ 4, splint 
of fourth metataisal, s , sesa- 
moid , ph T~3, phalanges of 
thud digit 
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Families of Peris so dacty la 

Family TapiridcTe — In the Tapirs {Tapiriis) there aie foiii digits in 
the manus, but the third fingei is still piactically median, as the 
fifth digit scaicely reaches the ground The hind-foot has three 

digits. The dentition of the genus is The oibit and 

tempoial fossa aie continuous The nose and upper lip form a 
shoit proboscis The thick skin has but scanty ban. In habit, 
the tapiis are shy and noctuinal, fond of forests and water, 
feeding on tender shoots and leaves The distiibution is some- 
what remaikable, foi four species live in Central and South 
America, while a fifth is hlalayan The genus was once 
widespread, but has survived in these two far-sepaiated regions 



Fig. 410. — Side view of horse’s skull, roots of teeth exposed 

P , Parietal , F , frontal , , nasal , p}?i , piemaxilla , 111 , maxilla , 

j , jugal , I , lachrymal , , squamosal , // , paioccipital pro- 

cess , c , canine , C , cond^ le 

Family Equidre — In the modem hoises there is on each 

foot one functional digit — the third, with splints representing the 
metacarpals and metatarsals of the second and fourth. Professor 
Cossai Ewart has demonstiated m the embiyo of the hoise the 
rudiments of the thice phalanges of the second and foiuth digits 
The vestigial phalanges of these digits subsequently fuse with 
one another and with the lespective metacarpals or metatarsals, 
foiming ‘‘buttons” at the end of the splints. The ulna and 
fibula are incomplete, but the foimei is quite complete in the 

foetus. The dentition is but the fiist premolar is rudi- 
3143 ^ 

mentary, and soon lost in both sexes, and the canines aie laiely 
present in the mare. The orbit is complete 
The modern hoises are connected by a very complete series of forms 
with ancestral Eocene types, but it is not clearly proved that these 
orms were actually m the line of descent of the genus Eqmts The 
Drogress shows an increase of size, a diminution in the number of 
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digits, an increased folding of the back teeth, and othei diffeientiations. 
The Eocene Plmiacodus is regaided b}" some as near the origin of the 
stock, it had five complete digits on each foot; Hyn atothemLin and 
Sysieuwdon had only foni functional digits in the mantis ; Anchithe) nnn 
fiom the Miocene, an animal about the sue of a sheep, had thiee digits, 
01 thiee and a ludiment ; Hippothemim and Protohippus fiom the 
Pliocene weie as large as donkeys, and show a marked diminution of 
the second and fourth digits , in the Pliocene also, the modern foims 
appealed 

The living species aie the horses {Eqiais Laballm), appaiently 
originating in Asia, domesticated m prehistoric times, artificially selected 


4 



Fig 41 1 — Feet of hoise and its piedecessois — 
From Neumayr 

I, Palaeotheimm , 2, Anchithenum , 3, Hippotheimjn , 4, Pquus, 


into many bieeds, sometimes reveitmg to wildness, as in the case of 
those imported into Ameiica and Australia by Euiopean settlers ; the 
wild horse of Cential Asia {E pizevahkii ) , the donkey [E asimn) of 
African oiigin , the wild asses of Africa and Asia; the stuped Afiican 
species — the zebias and the (exterminated) quagga 

Family Rhinoceiotidm — There is now but one genus. Rhinoceros^ 
species of which occur in Afiica and in some paits of India and 
Indo-Malaya. They are large, heavy Ungulates, shy and noc- 
turnal, fond of wallowing in w^ater or mud, feeding on herbage, 
shoots, and leaves. The skin is veiy thick, with scanty haii. 
One or two median hoins giow as huge warts from the snout 
and forehead The dentition is very vauable, but the back 

teeth are almost uniform ; there are no upper canines, but 
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sometimes a laige lower pair , there are a few incisors, but these 
are often small and deciduous. 

Theic aie several entiiely extinct lamihes of Perissodact}da, such as — 
Lophiodontidm (Eocene), e g. Lophtodon, Hyracothenum, Sys- 
temodon^ — a family perhaps ancestral to moat of the modern 
Peiissodactyla 

PaLuotheriidjc (Eocene to Miocene), eg. Paheothc} iitui and 
Anchitherium 

Othei lemarkable types — Lambdotherzuni^ Chahcotheriw?i^ Titmio- 
theriiun^ of elephantine size, and the specialised Mairaiuhema 
—are lefened to distinct families. 

Sub-Order Hyracoidea 

An isolated order of small Rodent-like Ungulates, repre- 
sented by Hyrax {Procama) and Dendrohyrax, living in 
rocky regions and on trees m Africa and Syria. The 
species (14) are adept climbers. 

The upper incisors have persistent pulps, and are curved 
as in Rodents, but they are sharply pointed, not chisel- 
edged The outer lower incisors are straight, and have 
trilobed crowns. There are no canines in the second set, 
but the upper milk canine sometimes persists, and there 
IS a wide space between incisors and premolars. The back 
teeth are very uniform, and like those of Perissodactyla 
The milk dentition is the permanent is Hyrax is 

one of the few Mammals in which the first premolar is a 
replacing tooth. The jugal forms part of the glenoid cavity 
(cf. Marsupials). 

In the fore-feet the thumb is rudimentary, the little 
fingei IS smaller than the median three, which are almost 
equal In the hind-feet, which are like miniatures of 
those of the rhinoceros, the hallux is absent, and the 
fifth toe is rudimentary. There are no hoofs in the 
strict sense. There are no clavicles The tail is very 
short. 

The brain is like that of Ungulates. The stomach is 
divided into two parts by a constriction. In addition to 
the short but bioad caecum, there are two supplemental 
cceca lower down on the intestine. The testes are 
abdominal. Of the mammae, four are on the groin and 
two are axillary. The placenta is zonary, as in the Pro- 
boscidea and Carnivora. A few extinct forms are known. 
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Sub-Order Proboscidea 

The sub-order is now represented by two species of 
elephant {Elephas), They occupy a somewhat isolated 
position, though distinctly Ungulates. As regards skull, 
proboscis, and teeth, they are highly specialised, but their 
limbs are of a generalised type. 

The elephants are confined to the Ethiopian and Oriental 
regions. They feed on leaves, young branches, and herbage 
By means of the mobile proboscis they gathei their food, 
and they drink by filling the pioboscis and then ejecting the 
water into the mouth 

The proboscis is a muscular extension of the nose, and 
bears the nostrils at its tip The skin is strong, and the 
hair somewhat scanty. 

In the limbs, radius and ulna, tibia and fibula, are 
quite distinct , the radius and ulna are fixed in a crossed 
position; owing to the length of the humerus, and yet 
more of the femur, and the vertical position in which 
they are carried, elbow and knee are lower than usual, 
and the gait is peculiar; the carpal and taisal bones have 
flat surfaces; the feet are broad, and bear five hoofed 
toes embedded in a common integument There aie no 
clavicles. 

The skull is very large, being adapted to suppoit the 
proboscis and tusks, and to afford a broad insertion for 
the large muscles. In most of the bones there is during 
growth an extraordinary development of air-spaces, which 
communicate with the nasal passages The supra-occipital 
IS very large , the nasal bones are very short , the zygomatic 
arch is slender and straight, its anterior pait is formed by 
the maxilla, for the elephant differs from the typical 
Ungulates in the fact that the jugal merely forms the 
median part of the zygoma, and does not extend on to the 
face. The lachrymal is also small, and placed almost 
entirely within the orbit (cf. the Rabbit). 

The dentition is unique. The two upper mcisois or 
tusks are mainly composed of solid ivory , the enamel is 
restricted to the apex, and soon wears off As the tusks 
grow, their roots sink through the premaxillai into the 
maxillae. There are no canines nor premolars. The 
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molais are veiy laige, and the enamel is very much plaited, 
foiming a series of transverse ridges enclosing the dentine, 
and united to one another by cement. Thus on the worn 
tooth there aie numerous successive layers of enamel, 
dentine, and cement. Extinct forms show transitions 
between this complex type and the horse’s tooth In a 
lifetime there may be six molar teeth on each side of each 
jaw, but of these only one, or portions of two, can find 
space at a time. The series gradually moves forward as 
the front parts are worn away and cast out 

The brain is highly developed. 

The stomach is simple, and there is a large caecum. 

There aie two superior venm cavm entering the right 
auricle. The kidneys have several lobes, separated by 
muscular partitions. 

The testes remain abdominal in position 

There are two pectoral mammte , the uterus is bicornuate ; 
the placenta is non-deciduate and zonary. 

Elepha'^y now lepiesented by the Indian Elephant {E tndiats)^ 

with parallel folds of enamel on the molais, and eais of moderate sue, 
and the Afiican Elephant [E afruanul), with lozenge-shaped folds of 
enamel, and veiy large ears 

The mammoth {E pnimge7incs) belonged to the Pleistocene peiiod, 
and had a wide geographical lange, occuiiing, foi instance, in 
III 1 tain. 

The genus Iladodoii is lepicsented by fossil lemains in Miocene, 
Pliocene, and e\en in Pleistocene stiata, m Em ope, India, and Ameiica. 
The molai teeth show transitions between those of elephants and those 
of other Ungulates 

In Dinotheniun, found in Miocene and Pliocene stiata m Euiope 
and Asia, the lower jaw boie an enoimous pan of tusks piojecting 
\eitically downwards, and all the back teeth seem to ha-ve been m use 
at the same tune. 


Several Extinct Sub-Orders 

Although we cannot desciibe the folloiving remaikable types it is 
impoitant to notice their existence, for they serve to impiess us with 
the original connectedness of what aie now separate orders 

The huge Amblypoda, in Eocene foimations in Ameiica and Euiope, 
had usually remarkable piotuberances on the top of the skull, a \eiy 
small biain, laige upper canines, especially m the males, and six back 
teeth. 

Example — Uinlatkei nun [Dmoce; as), with no uppei mcisois. 

Some Tertiary American foims, e Toxodon and Ne^odon, varying 
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m size fioni that of a sheep to that of a rhinoceros, foim the sub-order 
Toxodontia. 

Cope includes a number of geneialised Eocene Ungulates under 
the title Condylarthra Some seem ancestral to the Peiissodactyla 
and Artiodactyla ; some suggest a union of ancestral Ungulates and 
ancestral Carnivores. The genus Pertptyclms may be icgaided as 
an ancestral Bunodont, and Phenacodus as neai the oiigin of the 
horse stock But Phenacodus is so generalised that Cope suggested 
affinities between it and not only Ungulates, but also Cainivoies and 
Lemurs. 

Fiom the Eocene of N. America, Maish disentombed a group 
of animals which he called Tillodontia, eg TiliotJmiuni^ which 
seem to combine the characters of the Ungulata, Rodentia, and 
Carnivora 

Few orders of Mammals aie of moie interest to the paleon- 
tologist than the Ungulates. Not only are fossil representatives 
numerous, but their usually large size, and the fact that the teeth 
are frequently an index of general structure, makes the deteimina- 
tion of affinities much easiei than in most cases In consequence, 
problems like that of the origin of the horse, or the relations of the 
different pioboscidians, have been woiked out with a completeness 
rare elsewhere. 


Order Cetacea 

The Cetaceans, including whales and dolphins and 
their numerous relatives, are aquatic mammals of fish-like 
form 

The spindle-shaped body has no distinct neck between 
the relatively large head and the trunk, and tapers to a 
notched tail, horizontally flattened into flukes The fore- 
limbs are paddle-like flippers, and there are no external 
hints of hind-limbs beyond mere button-like knobs in some 
embryos Most forms have a median dorsal fin. Hairs 
are generally absent, though a few bristles may persist near 
the mouth The thick layer of fat or blubber beneath 
the skin retains the warmth of the body, and compensates 
for the absence of hair. In one of the dolphins dermal 
ossicles occur, a fact which has suggested the idea that the 
toothed whales may have had mailed ancestors. Traces 
of dermal armour have also been found in the extinct 
Zeuglodonts 

The spindle shape, the absence of external eais, the 
absence of an eye-cleansing nictitating membrane, the dorsal 
position and valvular aperture of the single or double nostril, 
the sponginess of the bones, the retia mirabilia storing 
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arterial blood m different parts of the body, may be asso- 
ciated with the aquatic life. 

The cervical vertebrae are thin, and more or less fused. 
There is no union of vertebrae to form a sacrum, for the 



Fig. 412. — Left foie-limb of 
Balainopte) a, 

St, , Scapula with spine {sp ) , // ^ 
humeius , , radius , O' , ulna , 

C , carpals embedded in matiiv , 
Me., metacaipals, P/i , phal- 
anges 


Fig 413. — Foie-limb 
of whale [Megapiera 
longimaiia). — After 
Stuitheis. 


hind -limbs are at most veiy rudimentary. Under the 
caudal vertebrae there are wedge-shaped chevron bones. 

The brain -case is almost spherical; the supraoccipital 
meets the frontals and shuts out the parietals from the loof 
of the skull; the frontals aich over the orbit; the snout or 
rostrum of the skull is composed of premaxillae, maxillse, 
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and vomei, and of the mesethmoid cartilage. The periotic 
in whales is an exceedingly dense bone, and is of interest 
because it is the only part of the skeleton found at great 
depths on the floor of the ocean, and is often preseived as 
a fossil. 

There aie at least rudiments of two sets of teeth, as 
in other Mammals, but in baleen whales only the teeth of 
the milk set are calcified, and they come withal to nothing, 
being to some extent leplaccd by the horny baleen-plates 
developed on the palate. In toothed whales the two sets 
are said by Kukenthal to fuse, but the usual interpretation 
is that the functional teeth belong to the milk set. It 
IS possible that the simple, homodont, conical teeth of 
Odontoceti have resulted fiom a splitting of more complex 
cusped teeth. No clavicles are developed The bones of 
the fore-limb are flattened, and, except at the shoulder, 
articular surfaces aie not developed, so that the limbs form 
stiff paddles The carpals are fixed in a fibrous matrix, 
tend to be rudimentary, and are often unossified. They 
cannot be readily compared with the members of the 
typical mammalian carpus In the absence of true joints, 
a slight flexibility is given by the absence of ossification. 
There are four or five nailless digits, of which the second 
and third, and sometimes the first, may have more than 
the usual number of phalanges (see Fig. 413), a peculiarity 
possibly due to a duplication and sepaiation of epiphyses. 
The pelvis may exhibit a ludimentaiy ischium, with small 
vestiges of femui and tibia. 

The rounded brain is relatively large, with well-convoluted 
cerebral hemispheres. 

As to the ah mental y system, — salivary glands are rudi- 
mentary or absent, the stomach is chambered, the intestine 
has rarely a caecum, the liver is but slightly lobed, there is 
no gall-bladder. 

The heart is often cleft between the ventricles. Both 
arteries and veins tend to form retia mirabiha. 

The larynx is elongated, so that it meets the posterior 
nares, and forms a continuous canal, down which air passes 
from nostrils to lungs. The inspiration and expiration 
occur at longer inteivals than in terrestiial mammals. The 
water-vapour expelled along with the air from the lungs 
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condenses into a cloud, which is sometimes increased by 
an accidental puff of spray. 

The kidneys are lobulated. The testes are abdominal. 
There are no seminal vesicles. The uterus is bicornuate. 
The placenta is non - deciduate and diffuse. The two 
mammae lie m depressions beside the genital aperture, and 



. Fkj 414. — Pelvis and hmd-limb 
of Greenland whale {Balcena). 
— After Slruthers. 

P j Pelvis ; F , femur , T , tibia. 


the milk is squeezed from special reservoirs into the mouth 
of the young. Usually a single young one is born at a time, 
and there are never more than two. 

All are carnivorous; but, while many feed on small 
pelagic animals, other swallow cuttles and fish, and Orca 
attacks other Cetaceans and seals. Most are gregarious, 
and live in schools or herds. 


49 


[Table, 



770 


MAMMALIA, 


CONTRASTS BETWEEN THE TWO SUB-ORDERS OF 
LIVING cetaceans 


MysT\C()CFTI or Bal fnoidea, 
baleen Cetaceans 

OdONIOCEIIOI Dfi rniNOIDEA, 

toothed Cetaceans , , 

The teeth are absorbed before birth 

The teeth persist aftei biith, and aie 
generally numeious and functional. 

Whalebone or baleen-plates develop as 
processes from the palate 

There is no baleen 

The skull IS symmetrical 

The skull on its upper surface is more 
or less asymmetucal j 

The nasals roof the anterior nasal pas- 
sages, which are diiected upwards 
and forwards 

Ihe nasals, always small, do not loof 
the anterior nasal passages, which are 
diiected upvmrds and backwards 

The maxilla does not overlap the orbital 
proces<s of the frontal. 

The maxilla covers most of the orbital 
process of the frontal 

The lachrymal is small, and distinct 
from the jugal 

The lachrymal is fused to the jugal, or 
is large, and helps to roof the orbit 

The tympanic is ankylos^d to the peri- 
otic / 

The tympanic is not ankylosed to the 
pel lotic 

The rami of the mandiblcj ai e arched out- 
wards, and have no true symphysis 

The rami of the mandible are stiaight, 
and form a symphysis 

All the ribs articulate only uith the 
transverse processes of the vertebrae, 
the capitulum being imperfect 

Several anterior 2 headed ribs articulate 
by capitula with the centra 

The sternum is a single piece, and arti- 
culates with a single pan of ribs , the 
sternal ribs are not ossified 

The sternum has usually several seg- 
ments, with which several usually 
ossified sternal ribs aiticulate 

The external nostrils are separate 

The nostrils unite in a single blow-hole 
on the top of the head 

The olfactory oigan is distinctly de- 
veloped 

The olfactory organ is rudimentaiy or 
absent 

There is a short caecum 

Ihere is no crncum, except in Plata- 
mita 

Examples — 

The right -whale (Balcena), the 
hump -back {Megapterd)^ the 
rorqual {Balcenoptera) 

Examples — 

The sperm-whale (P/ij/ieter), the 
dolphin {Delphmus)^ the por- 
poise {Phoca<na\ the “ Ciram- 
pus’' {0'>ca), the Ca’ing- whale 
\Glohicephalu\)^ G?a?upu^, the 
narwhal {Monodon\ with an 
enormous tusk in the male 
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The living Cetaceans are ranked in two sub-orders — the 
Mystacoceti or Balaenoidea, without functional teeth, but 
with whalebone or baleen-plates on the palate, and the 
Odontoceti or Delphinoidea, with functional teeth and 
without baleen. 

The Odontoceti have probably arisen from the Zeuglodonts and 
these fiom the Cieodonts. Like the Sirenia, the Cetacea appeared in 
the Lowei Eocene and evolved very rapidly, attaining full adaptation 
by the Mid-Eocene They found the seas clear of the gi eat Reptiles, 


Fig. 415 — Vertebra, rib, and sternum of Balanoptera . — 
From specimen m Anatomical Museum, Edinburgh. 

C , Centrum , n a , neural arch , n sp , neural spine , , transverse 

process , i? , nb , Si , sternum 



and the change from walking to floating led to many readjustments of 
a thoroughgoing sort. 


Order Rodentia 

Rodents are represented in all parts of the world, and by 
more species than any other order of Mammals. Most of 
them are small and terrestrial. They are typically vegetarian, 
and gnaw their food in a characteristic way. 

The dentition is quite distinctive. The incisors are chisel- 
edged, for> as the enamel is either restricted to the front or 
is at most thin posteriorly, the back part wears away more 
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rapidly. The incisors are rootless, growing from persistent 
pulps, and the same is sometimes true of the bunodont or 
lophodont back teeth There is never more than a pair of 
lower incisors, and in most cases the upper jaw has only a 
pair There are no canines, and the skin projects as a 
hairy pad into the mouth through the gap between incisors 
and premolars. 

The feet are plantigrade or semi-plantigrade, generally with 
five clawed or slightly hoofed digits Clavicles, though often 
rudimentary, are generally present The scapula has usually 
a long acromion process, sometimes with a metacromion 

The condyle of the mandible (and the corresponding 
articular surface for it) is usually elongated, and the jaw 
moves backward and forward The mandible has an 
abruptly narrowed and rounded symphysis, and a very large 
angular portion. The orbits are confluent with the 
temporal foss^. The zygomatic arch is complete, but the 
jugal is restricted to the middle of it. The premaxillse are 
large, the palatines small. There is generally a distinct 
interparietal bone. The tympanic bullae are always de- 
veloped, and often large. 

The cerebral hemispheres are almost without convolu- 
tions, and leave the cerebellum uncovered The skin is 
generally thin, and the panmculus carnosus but slightly 
developed. The intestine has a large caecum, except in 
Myoxidae. Special anal or perineal or other glands secreting 
odoriferous substances are frequent. 

The testes are inguinal or abdominal ; only in the hares 
and rabbits do they completely descend into scrotal sacs. 

The mammae are on the abdomen, or on the abdomen 
and thorax. The uterus is double or very markedly 
bicornuate. There is a provisional yolk-sac placenta ; the 
allantoic placenta is discoidal and deciduate. 

The Rodents are very widely distributed, but are most abundant in 
S. America, wheie they form a very characteiistic part of the fauna 
Out of seventeen existing families, nine are represented there, and four 
are peculiar to it. 

The Rodents are divided into four sub-ordeis . — 

1. Sciuromorpha.— Squiirels {Simrns), marmots {Arctojnys)^ 

prairie-dogs {Cynomys\ and beavers {Castor). 

2. Myomoipha —Rats and mice {Mtis\ voles {Arvtcota)^ lemmings 

{Myodos), and jerboas {Vifusy 
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3 Hyslncomoipha — Porcupines {Ifysirzx), agoutis {Dasyprocta) 
guinea-pigs {Cama), and the S American capybara {Hydro- 
chcertts)^ the largest living Rodent, measuring about 4 ft. in 
length. 

4. Lagomorpha. — Hares and rabbits (Zepus), and the picas or 
tailless hares {Lagopzys), with incisors ^ 

In the first thiee sub-orders there is only a single pair of upper 
incisors, and the three may be united as Simplicidentata, m contrast 
with the Duplicidentata, wheie there aie two pairs. Only in the latter 
does the enamel extend to the posterior surface of the incisors, which 
are also peculiar (in this order) m having well-developed milk pre- 
decessois. 



Fig. 416 — Skull of tiger, lateial view. 

, Premaxilla , mx , maxilla Note the insertion of upper canine 
(c 1) just behind the suture line, and the fact that the lower 
canine (c 2) bites in front of it na , Nasals , la., lachrymal 
bone with foramen , fr , frontal , pa , parietal , so , supra- 
occipital , pa , paroccipital process , au , auditory aperture (the 
reference line crosses the inflated bulla) , sq , zygomatic process 
of squamosal ; a , angle of lower jaw , ja , jugal ; ca , 
carnassial tooth of upper jaw ; co , coronoid process of lower 
jaw. 


Order Carnivora 

This order includes lions and tigers, foxes and dogs, bears 
and otters, etc. 

Most of the Carnivora feed on animal food, and the most 
typical forms prey upon other animals and devour their 
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warm flesh. Most are bold and fierce animals, with keen 
senses and quick intelligence, and often much beauty of 
form and marking 



Fig. 417. — Lowei surface of dog’s skull. 

0 c , Occipital condyle , B O , basioccipital , T , tympanic bulla , 

7)1 c , postglenoid process behind fossa for condyle of mandible , 

B S , basisphenoid , P S ^ base of presphenoid , V , vomei ; 

M 3, second molar , M i, first molar , Pin 1-4, premolais, the 
4th the large carnassial , c , canine , / 1-3, incisors , Pnr^. , 
premaxilla; vcje , maxilla. Pal, palatine, /, jugal, AS , 
alisphenoid , Pt , pterygoid , Sq , squamosal (the refeience line 
points to the glenoid fossa) 

Almost all have well-developed claws ; there are never 
fewer than four toes. The teeth are always rooted, except 
in the case of the tusks of the walrus; the canines are 
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strong and sharp ; some of the back teeth are generally 
sharp, and specially adapted for cutting. 

There are generally strong occipital and sagittal crests for 
the insertion of muscles of neck and jaw. The glenoid 
fossa for the articulation of the lower jaw is deeply concave, 
and bounded by a large postglenoid process, the result 
being that the lower jaw can only move up and down. 
This is important, as it minimises the risk of any failure 
of grip in seizing living prey. The muscles of the lower 
jaw are very strongly developed, and with this may be 
associated the strength and the protrusion of the zygomatic 
arch in the more specialised types. The widening of this 
arch has prevented the foimation of a frontal bridge behind 
the orbit, so that the orbit is confluent with the temporal 
fossa There is a strongly developed and ossified tentorium 
descending between cerebrum and cerebellum. The tym- 
panic bullae are in most cases large. 

The clavicles are incomplete or absent (an important 
contrast with all Insectivora except Pofa7Jiogale ) ; the radius 
and ulna are always distinct , the fibula is slender but dis- 
tinct. The scaphoid and lunar bones are fused. 

The cerebrum is well convoluted, and the cerebellum is 
more or less covered by the cerebrum. 

The stomach is always simple ; the caecum is absent, or 
short, or simple \ the colon is not sacculated. 

There are no vesiculae semmales. The uterus is bicor- 
nuate. The mammae are abdominal. The placenta is 
deciduate and zonary. 

Representatives of Carnivora are found in all parts of the 
world. 

The tiue Carnivores aie for the most part teirestnal The incisors 
are almost always ", the canines aie usually large , one of the 

back teeth is modified as a trenchant cainassial or sectorial. 
The digits generally have sharp claws, which may be retractile. 
Within the sub-oidei theie are three sections — yEliiroidea, 
Cynoidea, and Arctoidea — represented respectively by cat, 
dog, and beai, but these types are connected by extinct 
forms. 

In letractile claws, the last phalanx of the digit with its attached 
claw is drawn back into a sheath on the outer side of the middle 
phalanx in the fore-foot, on the upper side in the hind-foot When 
the animal is at rest or is walking, the claw is retained m this bent 
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position by an elastic ligament, and is in this way piotected from 
wear When the animal straightens the phalanges, the claws aie 
protruded. 


(i) ^LUROIDEA, 
eg. cat, civet, hyseiia. 

(2) CYNOIDEA, 
e g dog. fox, wolf, jackal 

(3) ARCTOIDEA, 
eg bear, ottei. 

Digitigrade. 

Digitigrade. 

Plantigrade 01 sub- 
plantigiade. 

Typical dentition, 

Tvpical dentition, 

' ^ 3143 

Tvpical dentition, 

3 D 3 

The tympanic bulla is 
much dilated, 
rounded, and thm- 
walled, and is divided 
into two chambers 
by an internal septum 
(except in Hysenidas) 

The tympanic bulla is 
dilated, but the m- 
tei nal septum is 
rudimentary 

The tympanic bulla is 
often depressed, and 
thete is no hint of an 
intei nal septum. 

The paroccipital pro- 
cess of the exocci- 
pital is applied to the 
hinder part of the 
tympanic bulla. 

The pai occipital pro- 
cess IS m contact 
with the bulla, but 
It IS prominent. 

The paroccipital pro- 
cess is quite apait 
fiom the bulla. 

The csecum is small, 
rarely absent. 

The caecum is some- 
times short and 
simple, sometimes 
long and peculiarly 
folded. 

The caecum is absent. 


Digiiigrade animals walk on their toes only ; plantigiade foims lest 
the whole sole of the foot on the giound ; but between these conditions 
there aie all possible gradations. Many Carnivores are sub-plantigrade, 
often when at rest applying the whole of the sole to the ground, but 
keeping the heel raised to a greater oi less extent when walking 


(i) TKluroidea — Cat-like Cainivoies 
Family Fehdce, including the most specialised foims. The canines 
are large, the molais are reduced to the carnassials aie the 

last premolars above (with a three -lobed blade), and the 
molars beneath (with a two-lobed blade). The tubeiculated 
upper molars are very small, and of little if any use in 
mastication. The skull is generally rounded, the zygomatic 
arches are wide and strong, and the tympanic bulla? are large 
and smooth. The limbs are digitigiade, the claws letiactile. 
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There is no alisphenoid canal. The dentition of the typical 
genus Fehs is . The cats aie the most specialised of all Car- 

® 3121 

nivoies, and are exclusively adapted for a flesh diet. The 
sharp claws and pointed canines form powerful offensive 
weapons; the cusped cheek-teeth and rasping tongue are em- 
ployed to sepal ate the flesh from the bones of the prey. 

Examples. — The lion {Fehs leo), in Africa, Mesopotamia, Persia, 
N -W India; the tiger {F, iigrts), widely distributed 
in Asia , the leopard [F pardtis)^ in Africa, India, Ceylon, 
Sumatra, Borneo, etc ; the wild cat {F. catzts) ; the 
Caffre cat {F. caffra) of Africa and S. Asia, veneiated and 
mummified by the Egyptians, perhaps ancestral to the 
domestic cat 

A high degree of specialisation for carnivorous habit is well 
illustrated by the sabre-toothed tigers {Machcerodtis) of Tertiary 
ages, whose seirated upper canines W'ere sometimes 7 long 

Family Viverridm — Old World forms, such as civets ( Viverra\ of 
Africa and India; genets {Genefta\ of S. Europe, Africa, and 
S.-W Asia; ichneumons or mongooses {Hez'pestes), in Spam, 
Africa, India, Indo-Malaya. 

Family Proteleidse — represented by Proteles C7‘isfattts, the hymna- 
like aard-wolf of S Africa 

Family Ilyaemdse — represented by the genus Nymia, found in 
Africa and S Asia. The tympanic bulla is not divided by a 
septum. 

(2) CVNOIDEA — Dog-hke Carnivores 

Family Canidre — including forms intermediate between the cats and 
the beais The dentition is more generalised than in the 

Felidos, its usual formula is Within the tympanic bulla 

there is only a rudimentary septum. The paroccipital^ process 
in contact with the bulla is prominent The caecum is either 
short and simple or long and peculiarly folded upon itself. 

Examples — The genus Cams has representatives in all parts 
of the world, — the wohes (C. lupus, etc), the jackals 
(C. aureus, mesomelas, etc.), the domestic dogs (C fannh- 
arts), the foxes {C, vttlpes, etc.), the Cape hunting dog 
{Lycaon), the bush-dog {Icficyon) of Guiana and Brazil, and 
the primitive Otocyon megalotis from S. Africa. In the dog 
the dental formula is , the upper carnassial or fourth pre- 
molar has a stout bilobed blade, the lower cainassial or first 
molar has a compressed bilobed blade. The skull is more 
elongated than in the cats , the orbits are very widely open 
posteriorly , the clavicles aie very small , the limbs are 
digitigrade ; there are five toes on the foi e-feet, but the short 
thumb does not reach the ground; there are only four toes 
on the hind-feet, but in domestic dogs the rudiment of the 
hallux is sometimes enlarged as the “ dew-claw ” ; the claws 
are non -retractile and blunt. 



778 


MAMMALIA 


(3) Arctoidea — Beai-like Caimvoies 

The tympanic bulla shows no tiace of an internal septum , the 
paroccipital process of the exoccipital is quite apart fiom the 
bulla, and widely separated from the mastoid piocess of 
the periotic. The limbs are plantigiade oi sub-plantigiade, 
and always bear five toes Theie is no ccecum. 

Family Uisidc'e — Bears. The molais have broad tubeiculated crowms 
used for grinding The thiee anterior piemolars aie usually 
rudimentary. The auditory bulla is depiessed In 1 elation to 
the character of the teeth, it should be noted that the diet is at 
least in part vegetarian; even the polar bear eats heibs in the 

summer. Ursus^ absent from Ethiopian and Australian 
legions, lepresented m the Neotropical region by only one 
species, elsewheie widespread. 

Family Procyonidse — The Flimalayan Panda [<Lliirus ftilgens)^ the 
American raccoon [Procyoii), 

Family Mustelidse — The otter the sea-otter [Latax httns)^ 

the skunk {Mephztzs), the badger [Meles), the ratel {Melhvora)^ 
the marten, sable, polecat, stoat, weasel {Mzistela). 

Creodonta (extinct) 

In Eocene and early Miocene strata, in Europe and America, there 
are remains of what seem to be generalised Carnivora, ancestral to the 
modern types, and apparently related to Insectivora as well. Those 
included in the sub-01 der Creodonta have strong canines but no single 
carnassials, while the molars are often like those of Marsupials The 
biain seems to have been small. 

Examples. — Hymziodon, Provivena^ Arctocyon, 

Order Pinnitedia. Seals, Eared Seals, and Waliuscs 

Marine Carnivores, unable to move readily on land, but coming 
ashore for breeding purposes. They feed for the most part on fish, 
molluscs, and crustaceans. Absent from the tropics, they aie repre- 
sented on most of the coasts in temperate and Arctic zones Many are 
markedly gregarious. 

The upper parts ol the .limbs aie included within the skin and geneial 
contour of the body Theie aie five well-developed digits connected 
by a web of skin. In the hind-foot the first and fifth toes are generally 
stouter and longer than the lest There aie no clavicles. The tail is 
very short 

The small milk-teeth are absorbed before or immediately after 
birth. The incisors are always fewer than I , there aie no carnassials , 
the back teeth have pointed cusps, often sloping slightly backwards 

The cranial cavity is rounded; there is a characteiistic intei orbital 
constriction. 

The brain is large and well convoluted. The eyes are large and 
prominent, with a flat cornea. The external ear is small or absent, 
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The coecum is veiy shoit. The kidneys are divided into lobules. 
The mammal are two oi foiii in number, and he on the abdomen. 
The young are “ precocious ” 

Family Otariidse — Eared or fui -seals, connecting the Pinnipeds with 
the Fissipeds The hind-feet can be turned foiward and used on 
land in the normal fashion The palms and soles aie naked. 
There is a small external ear The testes lie in an external 
scrotum. 

The sea-lion Otarta, Pacific and S. Tempeiale seas 

Family Tiichechidm — Wahuses, intei mediate between the Otanidm 
and the seals. The hind-feet can be turned forwards and used 
on land. The upper canines form laige tusks , the other teeth 
are small, single rooted, and apt to fall out ; those generally in 

use are , but the dentition of the foetus is 

0130 3131 

The jaw seems relatively shoit, an adaptation peihaps to mussel- 
crushing instead of fish-catching. 

Theie are no external eais. 

The walrus or moise, Trithechiis (Arctic). 

Family Phocidse — Seals, the most specialised Pinnipeds. The hind- 
limbs are stretched out behind, and the strange jumping move- 
ments on land are effected by the trunk, sometimes helped by 
the fore-limbs. The palms and soles are haiiy. There are well- 
developed canines , the upper incisors have pointed crowns ; 

there are ^ back teeth. There is no external ear. The testes 
are abdominal. 

The common seal [Phota), the grey seal [HahcJim tts)^ 

the monk seal [Monachtts)^ the large elephant seal {Macror/itntfs 
leomnus). 

Order Insectivora 

This order includes hedgehog, mole, shrews, and related 
mammals usually of small size. There is much diversity 
of type, so that a statement of general characters is very 
difficult. 

Most Insectivores run about on the earth , the mole 
{Talpa\ and others like it, are burrowers; Potamogale^ 
Myogale, and others are aquatic j Tupaia and its relatives 
live like squirrels among the branches. 

Most feed on insects; some arboreal forms eat leaves 
as well , the moles eat worms ; Fotamogale is said to feed 
on fish. 

The body is usually covered with soft fur, but the hedge- 
hog {Erinaceus) is spiny, and so to a less extent is Centetes^ 
the ground-hog of Madagascar. The digits, usually five in 
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number, are clawed, and the animals walk in plantigrade 
or semi-plantigrade fashion. In most, the mammcC are 
thoracic or abdominal. 

The cranial cavity is small; the skull is never high, the 
facial region is long; the zygomatic arch is slender or 
incomplete. Except in Fotamogale, there are clavicles. 

There are never fewer than two pairs of lower incisors. 
The enamelled molars have tuberculated crowns and well- 
developed roots. In many cases it is not easy to distinguish 
the usual division of the teeth into incisors, canines, pre- 
molars, and molars, but m many the dentition is typical— 
3, T, 4, 3 = 44- 

In the hedgehog, according to Leche, 1. 3, pm. 2, m. 1-3, 
of the upper jaw, and 1 3, c , pm. 3, m. 1-3, of the lower 
jaw, are persistent milk-teeth, but, according to others, the 
milk-teeth are represented by mere rudiments (“prelacteal 
germs ’'), and the functional teeth correspond to the peima- 
nent set of other mammals. 

The cerebral hemispheres are smooth, and leave the 
cerebellum (and sometimes the corpora quadngemina) 
uncovered; the olfactory lobes are large; the corpus 
callosum is short and thin. Thus, as regards the brain, 
the Insectivora represent a low grade of organisation. 

The stomach is a simple sac ; the intestine is long and 
simple, but the vegetarian forms have a c^cum. In most 
there are odoriferous glands, axillary in shrews, but usually 
near the anus. 

The testes are inguinal or in the groin, or near the 
kidneys, not in a scrotum. The penis may be pendent 
from the wall of the abdomen, but is usually retractile. 
There is a bicornuate uterus. Several and usually many 
offspring are born at once. 

The allantoic placenta is discoidal and deciduate. There 
is a provisional yolk-sac placenta. 

Insectivora are represented in the temperate and tropical 
zones of both hemispheres, but not in S America (except 
in the Northern Andes) nor Australia. In the former 
continent their place is taken by the insectivorous opossums. 


Examples — The hedgehogs {Erinaceiis\ throughout Europe, Africa, 
and most of Asia, dentition ; the shrews [Sorex)^ in 
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Europe, Asia, and N. Ameiica, dentition , the moles ( 

throughout the Palrearctic legion , the tailless tenrec ( 
of Madagascar , the S. Afiican golden moles ( Chrysochloris), 
probably the most piimitive of all Eutheria , the African jumping 
shrew {Macrostchdes) , the Oriental tree-shrews ( Tupaid) 

Ordei Galeopithecid.l 

It seems justifiable to recognise a separate order for the veiy 
divergent Galeopithecus ^ from the Malay Archipelago and the 
Philippines, They are arboieal vegetarian animals. The foie- and 
hind- limbs are connected by a paiachute, and the animals can glide 
from tree to tree, “sometimes traversing a space of seventy yards with 
a descent of only about one m five ” The structure of the incisors 
is unique among Mammals They are expanded lateially, compressed 
from before backwards, and furnished with many cusps. The lower 
aie pectinated, the flattened crowns being penetrated by numerous 
vertical slits, and the outer of the two upper pairs have double roots 

The dentition is The molars aie multicuspidate. The orbit 

has an almost complete bony ring. There is a tympanic bulla. The 
cerebral hemispheres have a few furrows. Theie is a simple stomach 
and a large sacculated cmcum. The testes are scrotal, the penis 
pendulous There are two pans of pectoral mammje, and one young 
one at a biith. 

Order Chiroptera. Bats 

Bats are specialised Mammals related to Insectivores. 
They have the power of flighty the fore-limbs being modified 
as wings. The wing is formed by a fold of skin which 
usually begins from the shoulder, extends along the upper 
margin of the arm to the base of the thumb, thence between 
the long fingers, and along the sides of the body to the hind- 
legs or even to the tail. Contrasted with the wing of a 
bird, that of a bat has a rudimentary ulna beside a long 
curved radius, a wrist with six bones, five free digits, four 
of which have very long metacarpals, while the thumb is 
short. The phalanges are usually reduced to two. The 
pectoral girdle is strong ; there is a long curved clavicle, a 
large triangular scapula, a long coracoid process ; the pre- 
sternum bears a slight keel on which are inserted some of 
the muscles used in flight. The thumb is always clawed i 
the other digits are unclawed, except in most frugivorous 
bats, where the second digit bears a claw. 

The hind-limb is relatively short and weak, the pelvic 
girdle is also weak, and in most cases the pubic symphysis 
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IS loose in the males, unformed in the females. The knee is 
turned backwards like the elbow ^ the ankle has a cartil- 
aginous piolongation or calcar, which supports the fold of 
skin between limb and tail , the five toes are clawed. 

The vertebral column is short, there is little mobility 
between the vertebra , neural spines are absent behind the 
third cervical, except m Pteropidae ; the caudal vertebrae are 
very simple. The ribs are usually flat. The maximum 
dentition is ; the milk-teeth are very different from the 
permanent set. All the bones are slender, and the long 
bones have relatively large medullary canals. 

The cerebral hemispheres are smooth, or with few con- 
volutions, and leave the cerebellum uncovered. The spinal 
cord is at first very broad, but narrows rapidly behind the 
neck. The sense of touch is remarkably developed in the 
hot skin of the wing, the large mobile external ears, the 
whisker hairs of the snout, and in the strange plaited “ nose 
leaves ” around the nostnls. Even when deprived of sight, 
hearing, and smell, bats will fly about in a room without 
striking numerous wires stretched across it. The stomach 
is usually simple, but there is a long pyloric diverticulum, 
filled with coagulated blood, m the blood-sucking Desmodus 
The whole gut is very short in insectivorous forms. There 
is never more than a very short caecum. 

The temperature of the body is high. The testes are 
abdominal or inguinal; the penis is pendent. The uterus 
is simple, bicornuate, or duplex. There is usually but one 
offspring at a time, and there are never more than two. 
The mammae are two in number, thoracic, generally post- 
axillary in position. As in Insectivora and Rodentia, the 
yolk-sac forms a provisional placenta, and the allantoic 
placenta is discoidal and deciduate. What looks like 
menstrual flux has been noticed in some bats. In most 
European bats sexual union occurs in autumn, but the 
sperms are simply stored in the uterus, for ovulation and 
fertilisation do not take place till spring — after the winter 
sleep In exceptional cases, especially in young forms 
which were not mature in autumn, pairing occurs in spring. 

Fossil Chiroptera occur in Upper 'Eopene strata, but ar^ 
quite like the modern forms. 
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Sub-Order Megachiroptera 

Sub-Order Microchtroptera. 

Frugivorous bats, usually laige 

The molars have smooth crowns, 
with a longitudinal gioove. 

The thumb is clawed, and genei ally 
also the second digit 

The tail, if present, is below, not 
bound up with the intei femoral 
membrane 

The pyloric part of the stomach is 
in most cases much elongated 
Found in warm and tropical parts 
of the eastern hemisphere 
Examples. — 

The “flying-foxes” 01 fox'-bats 
{Plef opus), large, tailless bats, 
distributed from Madagascar 
to India, Ceylon, Malaya, 

S Japan, Australia, Poly- 
nesia The largest species 
{P edulis) measures 5 ft 
across its spread wings. Den- 
tition, 

2133 

In India, Cynopteriis margmahis 
IS very common Xantharpyia 
cegyptiaca inhabits the Pyra- 
mids 

Usually msectivoious bats, small 
in size 

The molars have cusped crowns, 
with transverse grooves. 

In the hand the thumb only is 
clawed 

The tail, if present, is bound up 
with the interfemoral membrane, 

01 lies along its upper surface 

Except in one family, the stomach 

IS simple 

Found in the tropical and temper- 
ate regions of both hemispheres 

Examples — 

The horseshoe-bats {Rhi?iolo- 
phus) , the common pipistrelle 
( Vesper ugo pzpisirellus) , the 
genus Vespertilio, with four 
British species , Vampyr%ts 
spectrum, a laige Brazilian 
form, which seems to have been 
en oncously credited with 
blood - sucking habits, the 
common vampire {Desmodus 
rufus), an American bat — a 
foiraidable blood-sucker. 


Order Prosimi^e {Svfu Lemuroidea, Lemurs) 

These monkey-like animals are sometimes ranked with 
monkeys as a sub-order of Primates ; but there seems more 
warrant for placing them in a separate order. They agree 
with monkeys in many respects, e.g. in having pollex and 
hallux opposable, flattened digits, pectoral mammae (except 
in Chiromys), and a “Simian fissure” in the brain. They 
differ from monkeys (Anthropoidea) in the following 
points : The cranial cavity is usually elongated, and the 
face more fox-like than monkey-like ; the orbit opens freely 
into the temporal fossa (except in Tarsius) ; the lachrymal 
foramen lies in front of the orbit; the first pair of upper 
incisors is separated in the middle line (except in Tarsius ) , 
the second digit of the foot always bears a pointed claw, 
but the others usually have flat nails ; the cerebral hemi- 
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spheres are but slightly convoluted, and do not completely 
overlap the cerebellum (except in Indrisin^e) , the middle 
or transverse portion of the colon is almost always folded 
or convoluted on itself; there may be abdominal and 
inguinal as well as pectoral mamm^ , the uterus is bicor- 
nuate ; the urethra perforates the clitoris (except in 
Chtromys)] the placenta is diffuse and non-deciduate except 
in Tarstus, where it is metadiscoidal and deciduate. 
Among other features we may note that the Lemms are 
plantigrade and usually pentadactyl; the tail (sometimes 
reduced) is never prehensile; the mandibles are often 
unfused at the junction; in the Madagascar forms the 
tympanic remains a half-ring within the bulla which is 
due to the periotic; the carpus has a centrale usually 
free , there is a large caecum without a vermiform appendix ; 
there are often retia mirabilia on some of the arteries and 
veins 

The lemurs are small, furry quadrupeds, with fox-like 
faces but the general appearance of monkeys. Most are 
nocturnal, all arboreal. They feed on fruits and leaves, 
on eggs and small animals. Most are loud-voiced. They 
are usually uniparous. 

A. Madagascar Lemurs, with the tympanic annulus free in the bulla 
Family Lemurinm, with long faces. Some have interesting tufts of 
vibriss£e on the forearm, and a strange foiearm gland, with spines 
in the male Family IndiisimTe, with short faces, cerebium 
covering ceiebellum. Family Chiromyinm, with one type 
Chironiys, the Aye* Aye, highly specialised, eg. with very long 
slender third finger, with a flat nail on the thumb only, with 

lodent-hkc permanent incisors with inguinal mammiv. 

B Ethiopian and Oriental Lemurs, with the tympanic sharing in 
making the bulla 

Family Galaginaj, with one type Galago, with elongated calcaneiim 
and navicular. It occurs right acioss Africa. Family Loiismm. 
Asiatic and African. 

C. The aberrant Indo-Malayan Tarsiii^, with many peculiarities, eg. 
the orbit communicates with the tempoial fossa only by a fissuie, 
the upper mcisois are close togethei, the calcaneum and naviculai 
are greatly elongated like the calcaneum and astragalus in the 
flog, the placenta is metadiscoidal and deciduate as in monkeys. 

The lemurs aie interesting, both because they link the Anthropoidea 
to lower Mammals, and because of theiij distribution, fn Eocene 



ANTffjROPOIDEJ 


7 ^ 

times 01 even earlier they appeared in Europe and N. iVmeiica, and 
weie then of more generalised type In the latter continent they 
became extinct , but in the Old Woild they appeal to have migiated 
soLithwaids at an eaily period into Ethiopian and Oriental regions 
They reached Madagascar at a time when that island was connected to 
the continent, and befoie the advent of the larger carnivores. There 
they have been isolated and have developed in a fashion compaiable 
to that which has occuired in the case of the Australian Maisupials. 
Of fifty living species thirty-<?ix are confined to Madagascar, and these 
are very abundantly lepresented. Outside of Madagascai lemurs 
maintain a piecarioiis footing m forests oi islands, and are usually 
few in numbei They aie handicapped by the absence of defensive 
weapons, the frequent slowness of movement, and the feeble intelli- 
gence ; they aie saved by their aiboreal and usually nocturnal habits, 
by their quiet movements, and by their shyness 


Order Anthropoidea ( = Primates or Simi^) 

This order includes five families. 

Family 5. Hominidae. Man. 

„ 4. Anthropomorphidae or Simi- \ 

id^. Anthropoid Apes. [ Old World 

„ 3 Cercopithecidse Baboons, j Catarrhma. 

etc. J 

,, 2. Cebid^e. American Monkeys. ) New World 

„ I. Hapalidoe Marmosets. J Platyrrhma. 

The following characteristics are generally true • — 

The body is hairy, least so in man ; the incisors do not 
exceed - , the molars are except in the marmosets? 
where they are j the back teeth are bunodont, the premolars 
with two cusps, the molars usually with four , the cranial 
cavity is relatively large , the axis of the orbit is directed 
forward, and the orbit is closed off from the temporal fossa 
by ingrowths of frontal and jugal meeting the alisphenoid ; 
the lachrymal foramen is infra-orbital j the clavicles are well 
developed j the radius and ulna move freely on one another 
in pronation and supination , the scaphoid, the lunar, and 
usually the os centrale remain distinct from one another , 
there aie usually five fingers and five toes, but the thumb 
may be absent or rudimentary ; the thumb if present is 
opposable except in marmosets j the hallux is opposable 



MAMMALIA. 


except in man , the nails are almost invariably flat, except 
m marmosets ; the cerebral hemispheres have in most cases 
numerous convolutions, and usually cover the cerebellum ; 
the stomach is simple except in Senuiopithecus and its 
relatives, m which it is sacculated , there is a ccecum which is 
often large, there are two mammae on the breast; the 
uterus is simple , the testes he m a scrotum ; the penis is 
pendent , the placenta is metadiscoidal, being developed by 
the concentration of the villi from a diffuse area into a well- 
defined disc. Most Anthropoidea are arboreal, gregarious, 
uniparous, and tropical or sub-tropical. 


Contrast between Platyrrhina and Catarrhina 

The New World Platyirhma are in many ways so dififeient from the 
Old World Catairhma that a twofold (diphiyletic) oiigin of the monkey 
Older IS not improbable There are no transitional foims, and the 
distribution of the extinct representatives coiiesponds with that of the 
living forms. 


Platyrrhina 

Broad cartilaginous internarial 
septum. 

Nostiil diiected outwaids. 

Tympanic bone not more than a 
ring. No bony external audi- 
toiy meatus. 

Tympanic bulla. 

Alisphenoid usually meets the 
parietal on the side of the 
skull, and the oibital plate of 
the jugal meets the parietal. 

A large orbito -temporal fora- 
men. 

Three premolais 

Tail often piehensile, with 
never fewer than 14 verte- 
brae. 

No cheek -pouches. 

No ischial callosities. 


Catarrhina 

Naiiow. 

Downwaids 

Forms a bony external auditoiy 
meatus. 

None. 

Frontal usually meets the squa- 
mosal, and the jugal does not 
meet the paiikal, being 
hindered by the fiontal and 
alisphenoid. 

Small 

Two piemolais. 

Tail not piehensile, sometimes 
practically absent. 

Usually piesent, except in Apes. 

Piesent, except m Gorilla, Orang, 
and Chimpanzee. 
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PLATYKKniNA. 

No Sigmoid flexure in the colon 
descendens. 

Never more than a slight 
narrowing at the end of the 
cmcuin, which is usually bent 
like a hook. 

No hints of a secondary dis- 
coidal placenta.” 


Catarrhina. 

A sigmoid flexure. 

The c£ecum is conical, with a 
vermifoim appendix in Apes. 


A “ secondaiy discoidal placenta ” 
(only hinted at in Anthropoid 
Apes) 


Family i. Hapalid^ ( -- Arctopithecini). Marmosets 

The maimosets are the smallest monkeys, not much 
larger than squirrels. They live in companies in the 
Neotropical forests, especially in Brazil, and feed on insects 
and fruit. 

In addition to the general Platyrrhme characters, the 
following are noteworthy. 

Their dentition, is distinctive, for other Anthropoidea 
have ^ molars. The molars have three main tubercles 
instead of the usual four. The pinna of the ear is very 
hairy. The tail is long, bushy, and non-prehensile. The 
pollex is long, but not opposable; all the digits have a 
pointed claw except the short opposable hallux. The 
cerebral hemispheres have few convolutions. The marmo- 
sets often bear three young ones at a birth, whereas the 
other monkeys usually bear but one. There are two 
genera. Hap ah and Midas, 


Family Cebid/e. American Monkeys 

The American monkeys occur throughout tropical 
America, but are most at home in Brazil. In addition to 
the general Platyrrhine characters, the following are note- 
worthy. The tail is long except in Brachyurus^ and is 
often prehensile. The digits have nails, not claws; the 
thumb if present is opposable. The pinnae are more or 
less naked. The dentition is characteristic, for there are 
SIX back teeth ; the formula being 2133. All are uniparous. 



788 


MAMMALIA. 


Examples. — The howling monkeys {Myceies or Alouaia), with 
diverticula from the larynx and enormously dilated hyoid, 
protected by the expanded mandibles ; the sakis {PitJiecia), 
with very longnon-piehensile tail ; the spider-monkey {Ateles), 
with exceedingly piehensile tail and a Ihumbless hand ; the 
capuchins {Cebus), often imported into Europe. 

Family 3. CERcoPiTHECiDiE ( = Cynomorph Catarrhma). 

Old World Monkeys 

The Old World monkeys are plantigrade quadrupeds, 
and the snout or muzzle often justifies the term Cynomorph 
or dog-like Besides the general Catarrhme characters, 
the following are noteworthy : The sternum is long and 
narrow; there are 19-20 dorso-lumbar vertebrae; the 
foramen magnum is directed backwards, the arms are 
shorter than the legs , the hairs of the arm are all directed 
towards the hand , the skin forms callosities, often brightly 
coloured over the ischia ; there are usually cheek-pouches ; 
the caecum is conical and without a vermiform appendix. 

In the sub-family Cercopithecmai theie are cheek-pouches, the 
stomach is simple, and the fore- and hind- limbs are almost equal. 

Examples. — The African baboons {Cynocephahts or Papzo), e £ the 
mandrill (C /uazmozi), notable for the bright colouis of the 
face and hips in the adult males ; the macaques (Macams), all 
Asiatic except the tailless Baibaiy ape {M. inmts) of N. Africa 
and Gibraltar , the Afiican Cercopithecus 

In the sub-family Semnopithecmae there are no cheek-pouches, the 
stomach is sacculated in a complex fashion, and the hind-limbs are 
longer than the fore-limbs. 

Examples —The sacred Indian apes {Seznnopzthecns)^ the African 
ColobuSj and the proboscis monkey {Nasahs) of Borneo. 


Family 4. Anthropomorphid^ or Simiid^ ( = Anthropo- 
morph Catarrhma). Anthropoid Apes 

This family includes the Gibbons {Hylobates\ the Orang 
{Simta)^ the Chimpanzees {Anihropopithecus)^ and the Gorilla 
{Gorilla). As they are most like man, they are called 
Anthropoid. 

Along with the general Catarrhine characters the following 
are noteworthy. The sternum is short and broad; there 
are 16-18 dorso-lumbar vertebrae; the arms are longer than 
the legs ; the hairs of the upper arm are directed down- 
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wards, those of the forearm upwards ; except the plantigrade 
gibbons, the apes tend to walk on the edges of their feet ; 
there are no cheek-pouches ; there are no ischial callosities 
except in gibbons ; the csecum has a vermiform appendix. 

The Gibbons (JRylodaies) live m S -E Asia, especially m the Malayan 
region. The largest attains a height of 3 ft. They walk erect with 


Fig. 418. — Skull of Orang-Utan. 

, Panetal ; p, frontal , , squamosal ; j , jugal ; w., maxilla. 


the hands reaching the ground The skull is not prolonged into a 
vertical crest. There is an os centrale in the carpus. The hallux is 
well developed. The only flat nails are those of pollex and hallux. 
There are 13 ribs and 18 dorso-lumbar vertebrae. There are small 
ischial callosities, — the only instance in Anthropoids. They are mainly 
arboreal in their habits They feed on fruits, leaves, shoots, eggs, 
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young birds, spiders, and insects. Then voice is poweiful, and one 
species (the Siamang) has a laiyngeal sac. As legards teeth, the 
gibbons are most like man Some authorities lank the gibbons m a 
separate family apart from the thiee other Anthropoids. 

The Orangs {Simia) live in swampy foiests in Sumatra and Borneo. 
The males measure over 4 ft. They walk on then knuckles and 
on the outer edges of the feet. The skull is piolonged into a vertical 
crest. There are but slight supra-orbital ridges. The canines are very 
large. There are twelve ribs as in man, and sixteen doiso-lumbar 



Fig 419. — Skull of gorilla. 

vertebrae. The larynx is connected with two large sacs which unite 
ventrally. They are arboreal m their habits, and make nests in the 
branches They are exclusively vegetarian. As legards the structure 
of the brain, the Orangs are most like man. 

The Gorillas {Goril/a) live in Western Equatorial Africa. They aie 
larger than all other apes, and laiger than man, though not over 5^ ft. 
in height. The arms reach to the middle of the lower leg, and "the 
animals walk with the backs of their closed hands and the Hat soles of 
their feet on the ground. Theie aie prominent supra-orbital ridges. 
The canines of the males are very large. The cervical vertebrae bear 
very high neural spines, on which are inserted the muscles which 
support the heavy skull. There are thirteen ribs,, and seventeen 
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dorso-lumbai vertebic-e. Theie is 
no os centrale m Ihe carpus They 
live in families in the forest, and 
feed on fruits As regards size, 
the gorillas are most like man 
The males are much largei than 
the females. 

The Chimpanzees {A 7 ithropo- 
pithecus) live in Western and 
Cential Equatorial Africa. They 
do not exceed a height of 5 ft 
The arms reach a little below the 
knee. They walk on the backs 
of their closed hands and on their 
soles or closed toes. The skull 
has no high ciests The supra- 
oibital ridges are distinct. The 
canines are smaller than m goiilla 
or orang There is no centrale 
in the carpus. There are vocal 
sacs. The chimpanzees live in 
families in the forest, and are 
chiefly arboieal, making nests m 
trees They seem to feed on 
fruits. In the sigmoid curvature 
of the vertebial column the chim- 
panzees aie most like man. 

In connection with the an- 
thropoid apes may be noticed 
Fithecanthropos erectus^ a new 
genus erected by Dubois fiom the 
top of a skull, some teeth, and a 
femur found by him (fossil) in Java, 
and believed to represent a form 
intermediate between man and the 
Anthropoid apes. 


Family 5 Hominid^t. 

Genus Homo 

The distinctiveness of man 
from his nearest allies de- 
pends on his power of build- 
ing up ideas and of guiding 
his conduct by ideals. But 
there are some structural 
peculiarities of interest 



Fig 420 — Skeleton of male gorilla 

cl , Clavicle ; sc , tip of scapula , , 

praesternum , H , humerus , r , radius ; 
-u , ulna , II , ihuin , C , coccyx , P , 
pubis, /r., ischium, F femur, 2f , 
tibia, y*, fibula 
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Man alone, after his infancy is past, walks thoroughly 
erect. Though his head is weighted by a heavy brain, it 
does not droop forwards. With his upright attitude the 
increased command of vocal mechanism is perhaps in part 
connected. Man plants the soles of his feet flat on the 
ground ; the great toes are often longer, never shorter than 
the others, and he in a line with them ; he has a better 
heel than monkeys have. The arms aie shorter than the 
legs. There is no os centrale. There are 12 ribs and 17 
dorso-lumbar vertebrae. 

Compared with the anthropoid apes, man has a bigger 
forehead, a less protrusive face, smaller cheek-bones and 
supra-orbital ridges, no sagittal or occipital crests, pro- 
jecting nasals, an early disappearance of the suture 
between premaxilla and maxilla, a true chin (hinted at in 
the Gibbon), more uniform teeth forming an uninterrupted 
horseshoe-shaped series without conspicuous canines. The 
body is very naked ; the legs are relatively longer , the 
hallux is practically non-opposable ; there are no vocal 
sacs ; there is at most a vestige of an os penis. 

More important, however, is the fact that the weight of 
the gorilla’s brain bears to that of the smallest brain of 
an adult man the latio of 2*3, and to the largest human 
brain the ratio of i : 3 , in other words, a man 7 nay have 
a brain three times as heavy as that of a gorilla. I'he brain 
of a healthy human adult never weighs less than 31 or 32 
02 , the average human brain weighs 48 or 49 02. ; 
the heaviest gorilla brain does not exceed 20 oz. “The 
cranial capacity is never less than 55 cubic in. in any 
normal human subject, while in the orang and chimpanzee 
It is but 26 and cubic in. respectively.” 

But, as Owen allowed long since, there is an “all-pervad- 
ing similitude of structure ” between man and the anthro- 
poid apes. As far as structure is concerned, there is much 
less difference between man and the gorilla than there is 
between the gorilla and the marmoset 

As regards the miich-discussed question of a tail m man, it may be 
noted that if we define a tail as that pa)t of the body which contains 
post sacral vertebra and sundry othei^ pai ts of primitive caudal segments ^ 
andwhuh is, moreover, completely surrounded by integument, then such 
tails occur always in early embryos of man, and as abnoimalitics after 
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birth. The abnormalities may be either altogether soft oi they may 
contain bone, but in no case adequately known is theie any increase in 
the number of veitebioc which normally fuse to foim the teiminal 
portion of the human veitebral column, known as the coccyx. 


The arguments by which Darwin and others have sought 
to show that man arose from an ancestral type common to 
him and to the higher apes, are the same as those used to 
substantiate the general doctiine of descent. The Descent 
of Man IS the expansion of a chapter in the Origin 
of Species, The arguments may be briefly summarised : — 

(1) Physiological. The bodily life of man is like that of 
monkeys; men and monkeys are subject to similar 
diseases ; various human traits of gesture, expression, etc., 
are paralleled among the “brutes”, “ theromorphic ” 
monsters corroborate the alliance. 

(2) Morphological. The structure of man is like that of 
the anthropoid apes ; none of his anatomical distinctions, 
except that of a heavy brain, are momentous; there are 
about eighty vestigial structures in his muscular, skeletal, 
and other systems. 

(3) Historical. Certainties in regard to remains of 
primitive man are few, but his individual development reads 
like a recapitulation of ancestral history. 

To many, man seems too marvellous to have been natur- 
ally evolved ; to others the evidence seems insufficient ; but 
if the doctrine of descent is true for other organisms, it is 
likely to be true for man also. 

As to the antiquity of the human race, it is certain that 
men lived in Europe in the later stages of the Ice Age, and 
there are indications of human life in Pliocene times. No 
fossil remains are known till the Pleistocene. But, as it is 
certain that man could not have arisen from any of the 
known anthropoid apes, and as it is likely that he arose 
from an ancestral stock common to them and to him, it 
seems justifiable to date the antiquity of the human race 
not later than the time when the anthropoid apes are known 
to have been established as a distinct family. This takes 
us back to Miocene ages. 

If man was naturally evolved, the factors in the process 
require elucidation, but in regard to these we can only 
speculate. From what we know of men and monkeys, it 
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seems likely that, in the struggles of primitive man, wits 
were of more use than strength. When the habits of 
walking erect, of using sticks and stones, of building 
shelters, of living m families began — and they have begun 
among monkeys— it is likely that wits would grow rapidly. 
The prolonged infancy, characteristic of human offspring, 
would help to evolve gentleness. But even more important 
IS the fact that among monkeys there are distinct societies. 
Families combine for protection ; the combination favours 
the development of emotional and intellectual strength. 

Man did not make society ; society made man.” 

Finally, it is plain that all repugnance to the doctrine of 
descent as applied to man should disappear when we 
clearly realise the great truism of evolution, that “ there 
is nothing in the end which was not also in the beginning.” 



CHAPTER XXVII 

GEOGRAPHICAL DISTRIBUTION OF ANIMALS 

As similar animals tend to occur where the conditions of 
life are similar, we are warranted in speaking of a pelagic 
fauna, an abyssal fauna, a littoral fauna, and so on. j Let us 
briefly consider this grouping of animals according to their 
haunts. 

Pelagic. — The pelagic fauna includes all the animals of 
the open sea, both drifters {Plufiktoii) and swimmers 
(JVebton), The physical conditions in which they live are 
very favourable, — there is room for all, sunshine without 
risk of drought, and an evener life throughout the day and 
throughout the year than is to be found elsewhere except in 
the abysses of the deep sea. Moreover, the minute pelagic 
Algae afford an inexhaustible food-supply to the animals. It 
IS not surprising, therefore, to find that the open sea has 
been peopled from the earliest times of which the rocks give 
us any life record. 

The fauna is representative, exhibiting great variety of 
types, from the minute Noctiluca which sets the waves 
aflame in the short summer darkness, to the giants of 
modern times — the whales. It includes a few genera of 
Foraminifera, rich in species, most Radiolarians, Dino- 
flagellata, many Infusorians, Medusae and Medusoids, 
Siphonophora and Ctenophora, many worms,” a few Holo- 
thurians, a legion of Crustaceans, a few Insects (Halo- 
batidae), such Molluscs as Pteropods, Heteropods, and 
many of the Cephalopods, such Tunicates as Salpa and 
Fyrosoma, many fishes, a few turtles and snakes, besides 
some well-known birds and mammals. There are also, 
hosts of larval forms which are pelagic for a time. 

The fauna of the open sea is representative, but there are 
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few of the types which we can suppose to have lived there 
always. It may be that forms like the minute water-fleas 
have been there almost from the first, but most bear the 
impress of lessons which the open sea could never have 
taught them. 

Pelagic animals tend to be delicate and translucent, 
many are phosphorescent The number of species, differing 
from one another within a relatively narrow range, is often 
enormous ; thus about 5000 species of Radiolarians are 
known. The huge number of individuals, which frequently 
occur in great swarms, is equally characteristic. Perhaps 
both facts indicate that the conditions of life are relatively 
easy, as is also implied in the limitless food-supply afforded 
by the unicellular Alg^. The pelagic fauna is richest in 
the colder seas. 

Abyssal. — Through the researches of the Challenger and 
similar expeditions, we know that there is practically no 
depth-limit to the distribution of animal life, though the 
population is denser at moderate depths than in the deepest 
abysses, and though there is probably a thinly-peopled 
zone between the light-limit and the greatest depths. 
We know, too, that there are abyssal representatives of 
most types from Protozoa to Fishes, and that the distribution 
tends to be cosmopolitan, in correspondence with the 
uniformity of the physical conditions. 

The abyssal fauna includes some Foraminifera and 
Radiolarians, many flinty sponges, some corals, sea- 
anemones, and Alcyonarians, a few medusae, annelids and 
other ‘‘worms” on the so-called red clay, representatives 
of the five extant orders of Echinoderms, abundant Crusta- 
ceans, representatives of most of the Mollusc types, and 
peculiaily modified Fishes, some with small eyes, others 
with large eyes, which probably catch the fitful gleams of 
phosphorescence. 

As to the physical conditions, the deep-sea world is in 
darkness, for a photographic plate is not influenced below 
250-500 fathoms; it is extremely cold, about the freezing- 
point of fresh water, for the sun's heat is virtually lost at 
about 150 fathoms, the pressure is enormous — thus at 
2500 fathoms it is about 2 J tons per square inch ; the cold 
water m sinking from the polar regions brings down much 



LITTORAL, 


797 


oxygen ; it is quite calm, for even the greatest storms are 
relatively shallow in their influence^ there are no plants 
(except perhaps the resting phases of some Algse), for 
typical vegetable life depends upon light, and not even 
bacteria, otheiwise almost omnipresent, are known to 
flourish in the great depths. A strange, silent, cold, dark, 
plantless world ' The animals feed upon one another and 
upon the debris which sinks from above. 

We do not clearly know when the colonising of the depths began, 
but there is much to be said for the view that an abyssal fauna was, at 
most, scanty before Cretaceous ages But whensoever the peopling of 
the abysses occuried, it must have been gradual It is likely that most 
of the pioneeis migrated outwards and downwaids from the shoie 
region (in a wide sense), following the drift of food ; it is possible that 
others, e,g, some Crustaceans, sank from the surface of the open sea 
The boreal character of many deep-sea animals has been often remarked, 
and it IS plausible to suppose that there was a paiticularly abundant 
colonisation in the Polar regions, and a giadual spreading towards the 
Equatoi as the Poles became colder. Perhaps the richness of the fauna 
at the Equatoi may be thought of as in part due to the meeting of two 
great waves of lite from the Poles. 

The abyssal conditions of life tend to uniformity over vast 
areas, just as in the open sea. But, on the whole, life must 
always have been harder in the depths that on the surface. 
The absence of plants, for instance, involves a keener 
struggle for existence among animals. Thus, although 
many abyssal forms, e,g, sea-anemones, live a passive seden- 
tary life, waiting for food to drop into their mouths, the 
majority are less easy-going. The deep sea has been a 
sterner school of life than the surface 

Littoral. — At a very early date the shores were peopled, 
and the fauna is very rich and representative. From the 
strictly Littoral zone, exposed at low tide, with its acorn- 
shells and periwinkles, limpets and cockles, to the Lam- 
inarian zone (to 1 5 fathoms), with its sea-slugs and oysters, 
where the gieat seaweeds wave listlessly amid an extremely 
keen battle, to the Coralline zone (i 5-40 fathoms), with its 
carnivorous buckies, what variety and abundance, what 
crowding and struggle ! 

There are Infusorians and Foraminifera, horny, flinty, and 
calcareous Sponges, zoophytes and sea-anemones, many 
“worms,” star-fishes and sea-urchins, crabs and shrimps, 
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acorn-shells on the rocks and sandhoppers among the jetsam, 
a few insects about high-tide mark, sea-spiders clambering 
on the seaweeds, abundant bivalves and gasteropods, sea- 
squirts in their degeneracy, besides fishes, a few reptiles, 
numerous shore birds, and an occasional mammal. The 
shore fauna is thus very representative, rivalling in its range 
that of the open sea, far exceeding that of the abysses. 

The conditions of life on the shore are in some ways the 
most stimulating m the world. It is the meeting-place of 
air, water, and land. Vicissitudes are not exceptional, but 
normal. Ebb and flow of tides, fresh-water floods and 
desiccation under a hot sun, the alternation of day and night, 
felt much more markedly than on the open sea, the endless 
variations between gently lapping waves and blasting 
breakers, the slow changes of subsidence or elevation, — 
these are some of the vicissitudes to which shore animals 
are exposed. The shore is rich in illustrations of keen 
struggle for existence and of life-saving shifts or adaptations, 
such as masking, protective coloration, surrender of parts, 
and “ death feigning.’’ We may think of it as a great school 
where many of the primary lessons of life, such as moving 
head foremost, were learnt. 

Fresh, water. — Perhaps the most striking fact m regard 
to the animals which live in fresh water is their uniformity. 
The number of individuals in a lake is often immense, but 
the number of species is relatively small, the number of 
types still smaller. In widely separated basins and in 
different countries the same forms occur. 

We may distinguish a littoral, a surface, and a deep- 
water lacustrine fauna. The deep-water forms are chiefly 
Rhizopods, Turhellarians, Nematodes, Leeches, Chaetopods, 
Amphipods, Isopods, Entomostraca, a few Arachnids, some 
insect larvae, and molluscs, and the general opinion is that 
these are derivable from the shore fauna of the lake, which 
includes similar forms, along with a few others, such as the 
fresh-water sponge and Hydra. On the other hand, the 
surface lacustrine fauna, consisting of water-fleas. Rotifers, 
Infusorians, etc , widely and uniformly distributed, is said 
not to be derivable from the shore fauna. In transparency, 
in gregariousness, in nocturnal habit, and in other ways, 
they present a marked analogy with the marine Plankton. 
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How are we to account foi their origin and wide distii- 
bution ^ 

1. To explain the imifoimity, Darwin leferred to the birds which 
cairy organisms fiom -wateished to watershed, to the cairymg power of 
the wind, and to changes of land level which bring diffeient river-beds 
into communication But this is not enough. 

2. It seems very likely that some of the fresh- water foims have 
migrated from the sea and seashore thioiigh brackish water to rivers 
and lakes As the possibility of making the tiansition depends on the 
constitution of the animal, it is intelligible that similai forms should 
succeed m different areas. 

3. Theie seems much force m what Crednei and Sollas emphasise, 
that many lakes aie dwindling relict-seas of ancient origin. Granted a 
fairly uniform Pelagic fauna, g. before Cietaceous times, we can 
understand that the conveision of land-locked seas into lakes would 
imply a decimating elimination, and, as the conditions of elimination 
would be much the same eveiywhere, the lesult would be uniformity 
m the suivivois. 

Minor faunas. — [a) Of brackish water — We aie wairanted in 
speaking of a brackish- water fauna, because of its uniformity in widely- 
sepaiated legions It does not seem to be a mere physiological 
assemblage, vaiying in each locality, but lather a tiansition fauna of 
ancient date, a relic of a littoral fauna once moie uniform The fact 
is that the power to live m brackish vatei is not veiy common; it 
luns in families 

{])) Cave fauna — In America, thanks veiy largely to the labours of 
Packard, about 100 cave animals aie known ; in Europe the number 
IS about 300, the mciease being laigely due to the occurrence of about 
100 species of two geneia of beetles in European caves. In the famous 
Mammoth Cave of Kentucky, which has over 100 mil6s of passages, 
with streams, pools, and dry gioimd, there aie ovei 40 different species 
of animals. The temperature is veiy equable, varying little moie than 
a degree throughout the year; it is, of course, 'dark ; and theie aie no 
plants other than a few Fungi. Thus the conditions present some 
analogy with those of the deep sea The fauna is of much interest to 
evolutionists, for we wondei how far the peculiarities of the cave- 
animals, e g absence of coloiation and fiequent blindness, are due to 
the cumulative effect of the environment and of disuse, or how far they 
lepresent the survival of germinal variations, and the result of the 
cessation of natural selection along certain lines. Have the seeing 
animals found their way out, leaving only the blind spoits, which crop 
up even in daylight? or is the loss of eyes the result of disuse and 
absence of stimulus ^ Oi again, if it be granted that pigment is an 
organic constitutional necessity, e,g. a waste pioduct, while coloration 
is explicable as an adaptation wrought out in the couise of natuial 
elimination, then the question arises, whether the cessation of natural 
selection — a condition awkwardly called panmixia ” — which might 
account for the disappearance of the coloration w'hen there is no 
premium set upon it, can also account for the loss of pigment — that is, of 
a character which was not acquired m the course of natural selection ? 
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(see Beddard’s Amma/ Coloration). Our only answer at piesent is 
that there is need foi expeiiment. 

(0 Paranhc fauna , — It seems legitimate to rank together those 
animals whose habitat is in oi on othei oigaiiisms, fiom which they 
derive subsistence, without m most cases killing them quickly, if at all, 
or, on the other hand, rendering them any service Among ectopara- 
sites there aie such forms as fish -lice and many othci Ciustaceans, 
niimeious insects such as lice and fleas, and Arachnids such as mites. 
Among endoparasites theie are Spoiozoa, some Meso/oa, many 
Nematodes, most Trematodes, all the Cestodes, many Ciustaceans, 
insect larvce, and Arachnids. 

The paiasitic habit implies degeneration (vaiying according to the 
degree of dependence), great nutritive security, prolific lepioduction, 
and enoimous hazards in the fulfilment of the life history 

Parasitic animals must be distingiiished-^(^2:) fiom epipliytic oi cpizoic 
animals which live attached to plants or animals, but aie m no way 
dependent upon them, eg acoin-shells on Norway lobster ; {b) from 
commensals (p. 178), who live in some degree of partnership, hut without 
m any way preying upon one anothei, eg. ciab and sea-anemone ; and 
{c) fiom symbions, who live in close paitnership, or symbiosis (p. 119), 
e g. Radiolanans and Algje. But between these habits theie are many 
gradations, and from close association theie is always an easy tiansition 
to parasitism. 

Terrestrial. — The colonising of dry land has doubtless 
been a gradual process, as different types wandered inland 
from the shore, or became able to survive the drying up 
of fresh-water basins. The fauna includes some Pro- 
tozoa, e.g Amceba terricola, which lives in moist earth, 
some of the Planarians, Nematodes, Leeches, Chsetopods, 
and other ‘‘ worms/’ a few Crustaceans like the wood-lice 
{p7iiscus\ many insects and Arachnids, a legion of slugs 
and snailsj most adult Amphibians, most Reptiles, many 
Birds, and most Mammals. Among Vertebrates certain 
fishes are of interest in having learned to gulp mouthfuls 
of air at the surface of the water, to clamber on the roots 
of the mangrove trees, or to he dormant through seasons of 
drought. But among Vertebrates, Amphibians were the 
first successfully to make the transition from water to dry 
land. 

It IS important to beat in mind that many a stock may, in the coiuse 
of its evolution, have passed through a vanely of environments. Thus 
the thoioughly aquatic Cetaceans were probably derived fiom a land 
stock common to them and to the Ungulates, and may have passed 
through a fresh-water stage. Without going farther back, we have 
here an illustration of the zigzag course of evolution. 
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We cannot believe in any abiupt transition iioin the shoie to 
finna It has been a slow ascent, slow as the oiii^iii of diy land 
itself Thus mud -inhabiting wuims, dwclleis in damp humus, bank- 
fiefiuentmg animals, those which find a safe leticat in lottenness or 
inside bolder forms, dot the path from the shoie inland. Many have 
lingered by the way, many have diveiged into cul-de-sacs, many have 
been content to keep within hearing of the sea\ lullaby, which soothed 
them m their ciadles. 

Simioth, in his woik on the oiigin of land animals, seeks to show 
that haid skins, cu )ss-stiiped muscle, biains woithy of the name, icd 
Ijlood, and so on, weic acquired as the tiansition to teiiestiial life 
was eflected Let us take the last point by way of illustiation. Iron 
m some foim seems essential to the making of hcemoglobiii, but non 
compounds are relatively scarce and not leadily available in the sea ; 
they are more abundant in fiesh watei, and yet moie so as the land is 
leached Theiefoie it is suggested that it was as littoral animals 
foisook the shore for the land, via ficsh- watei paths, that iron, in some 
foim, entcied into their composition, became pait and paicel of them, 
helped to form hminoglohin oi some analogous pigment, and thus opened 
the way to a highei and more vigoious life. 

Aerial. — The last region to be conquered was the an. 
Insects were the first to possess it, but it was long before 
they were followed. The flying-fishes vibrated their fins 
above the foam as they leapt , the web-footed tree-frog*^, 
Draco 7<olars with its skin spread out on elongated ribs, and 
vaiious lizards, began to swoop from branch to branch; 
some of the ancient Saurians flopped their leathery skin- 
wings , a few arboreal mammals essayed what the bats 
perfected ; and the feverish birds flew aloft gladly 

Perhaps a keen stuiggle among insects, oi such events as floods, 
storms, and lava-flows would piompt to Ihght; peihaps it was the 
eagei males who led the way, peihaps the additional lespiratoiy 
efficiency, produced by the outgrow'th of wings, gave these a new use 
Peihaps the high tempeiaturc of birds-— an mde\ to the intensity of 
their melahohsm — may have had to do W'lth the development of those 
most elaborate epidcimic growths which we call feathers. But we must 
still be lesigned to a moic oi less ingenious “peihaps ” 

Evolution of faunas. — The problem of the evolution of 
faunas is still beyond solution, but various possibilities may 
be stated. 

{a) Accoiding to Moseley, “the fauna of the coast has not only 
given oiigin to the terrestrial and fresh-watci faunas, it has thioiighout 
all time, since life originated, given additions to the Pelagic fauna m 
return for having received from it its staihng-point. It has also leccived 
some of these Pelagic foims back again to assume a fresh littoial 

Sr 
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exLsLencG The teuestiial fauna has letuined some foims to the shoies, 
such as ceitain shoie birds, seals, and the polai bear ; and some of 
these, such as the whales and a small oceanic insect, IIalobate\^ have 
leturned thence to Pelagic life ” 

“The deep sea has probably been foimed almost entirely fiom the 
littoial, not in the most lemote antiquity, but only aftei food, deuved 
fiom the debus of the littoral and teirestnal faunas and floias, became 
abundant in deep water.” 

“ It was in the littoral legion that all the piimaiy blanches of the 
zoological family tiee were formed; all teiiestiial and deep-sea foims 
have passed thiough a littoial phase, and amongst the lepiesentatives 
of the littoral fauna the recapitulative histoiy, in the form of senes of 
laival conditions, is most completely retained ” 

[b) Accoidmg to Agassiz, Simioth, and otheis, if one may ventuie to 
compiess then views into a sentence, a littoral fauna was the oiigmal 
one, whence ha\e been deuved, on the one hand, the Pelagic and 
abyssal faunas; on the other hand, the fiesh-watei and teiicstrial 
faunas 

(c) Accoidmg to Biooks, a Pelagic fauna was pnmitive, whence 
ha\e been deuved the tenants of the shoic and the inhabitants of the 
deep sea To the lattei, howcvei, a possibility of ascending again is 
not denied 

{d) Sii John Muiray has emphasised the impoitance of “the mud- 
line” — the lowei boundaiy of the littoral area — as an impoitant head- 
quarteis of animal life, and as the aiea fiom which the abysses were 
peopled. The possibilities may be expiessed in a diagram. 
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More detailed Problems of Geographical 
Distribution 

Leaving the gcneial, and at piesenl veiy obscure, problem 
of the evolution of faunas, let us briefly notice some of the 
more detailed questions of distribution. We shall content 
ouiselves with stating (i) a few of the outstanding facts; 
(2) the factors determining why some animals are here and 
others there ; and (3) the usually lecognised zoo-geographical 
regions. 

Outstanding facts. — (a) Widely separated countries may 
have an essentially similar fauna Thus, there is much m 
common between Britain and Noithern Japan, and there 
IS so much agreement between the North European (Palae- 
arctic) and the North American (Nearctic) fauna, that many 
unite the two legions in one (Holarctic). 

(/^) Closely adjacent countries may have quite different 
faunas. Thus the Bahamas and Florida, Australia and 
New Zealand, are peopled by very diffeient animals. Two 
little islands, Bali and Lombok, m the Malay Archipelago, 
which are separated by “Wallace's Line,” a strait only 
liftecn miles wide at its narrowest part, differ from each 
other in their birds and quaduipeds moie widely than 
Britain and Japan. 

(^) Regions with very different faunas aie in many cases 
connected by transition areas Thus a journey from the 
Noith of Canada to Brazil would show a fairly gradual 
tiansition from an Arctic to a tropical fauna. 

{d) At the same time there are regions whose fauna is 
exceedingly distinctive and sharply defined. Thus the 
Mammalian fauna of Australia is distinctively Marsupial, 
and nowadays the i^merican opossums and Cevnoiesfes are 
the only Marsupials beyond the Australasian limits. 

{e) Another striking fact is the “discontinuous distri- 
bution ” of ceitain types, by which we mean that examples 
of a type may occur in widely separated regions without 
there being any representatives m the intermediate area. 
The general explanation is that the type m question once 
enjoyed a wide distribution, as the rock recoid shows, and 
that the conditions favouiable to survival have been found 
in widely separated places, Thus of the genus Tapir 
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there aie some four species in South and Central America, 
while the only other species occurs in Malacca and Borneo 
Similaily the Camelid^e are represented by one genus in 
the Old World and another in South America, and the 
insectivoious Centetidae aie represented by five genera m 
Madagascar, and one m Cuba and Hayti. 

The factors determining distritoution.-— Theie aie six factors 
which combine to cleteimme the paiticulai distiihution of an animal 
These may be conveniently consideied in pans 

[a] Distiibution is in pait deteimmed b> the constitution of the 
animal and b) the physical conditions of the legion. Thus snakes 
dimmish lapidly in numbeis towards the poles, then constitution Ijcmg 
in most cases ill-adapted to ivithstand cold , thus cia} fishes aie absent 
fiom distiicts where the fiesh watei does not contain sufiicient lime salts 
foi then needs 

(/j) Distiibutum IS in pait deteimmed by the position of the animal’s 
oiiginal home (which is often an unknown tact), and by tlie available 
means of dispersal. Tims, so fai as we know, the Old Woild has been 
the e\clusi\e home of the aiithiopoid apes, and there they have 
remained , thus bats, licing able to fiy, have a moie cosmopolitan 
distiibution than most other mammals, thus amphibians, being unable 
to withstand salt watei, aie absent fiom almost all oceanic islands 

(c) Distribution is m part determined by the actual changes (geo- 
logical, climatic, etc ) v\hich ha\e afiected ddfeient regions, and b) 
“ bionomic ” factors, / r the lelalions between the animal in question 
and other organisms, whether animals, plants, or man Thus it is 
plain that we cannot undei stand the fauna ol Ausiiaha without knowing 
the geological fact that pait of this island was once connected ivith 
the Oiiental continent by a budge ol land acioss the Ja\a Sea The 
Australasian mammalian fauna consists of survuals and descendants 
of Mesozoic ]\laisupials which have been exterminated eveiywheie else, 
except the Ameiican opossums and Canoh'i>/cs The oiiginal Austialian 
mammals weie sa\ecl, not by any \iitiie of then own, hut by the earth- 
change which insulated them bimilaily, it is the geologist who helps 
us to understand the faunal duei si ty on the two sides of “Wallace’s 
line,” 01 the absence of amphibians, leptiles, and mammals fiom the 
Canaiies. That much will also depend on the aminars powder ol 
suiviving the struggle foi existence m dilteient legions is too obvious 
to lequiie exposition We need only think of the way in which man 
has m a few yeais alteied the distribution of many buds and mammals, 
sometimes indeed reducing it to lui, oi incieasmg it with disastrous 
results. 

To sum up* the chief factors dctenuming geographical 
distiibution are — (i) the constitution of the animal, (2) the 
physical conditions of the region, (3) the position of the 
original home, (4) the means of dispersal, (5) the historical 
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changes of the carili and its climatCj and (6) the bionoraic 
relations 

Zoo-geograpliical regions. — I shall simply quote a paia- 
graph fiom Piofessor Heilprui’s woik. The Gc(\^? aflucal 
and Geoloi^ual Disifihuiion of Animals (Intcrnat. Sci 
Senes. London, 1887), a \ciy valuable book for the 
student, especially as it considers distribution in space 
and time togethei. 

“ By most naturalists (Wallace, Sclater, and others) the 
teiicstiial poition of the eaith's suiface is iccognised as 
consisting of six primaiy zoological regions, which coiie- 
spond in con sidei able part with the continental masses of 
geogiaphers. These six legions aic — 

“ I. Idle Hakeaiclic, which comprises Euiope, temperate 
Asia (with Japan), and Afiica noith of the Atlas Moun- 
tains ; also Iceland, and the numerous oceanic islands of 
the Noith Atlantic , 

“2. The Ht/iiofian, embiacing all of Africa south of the 
Atlas Mountains, the southern portion of the Aiabian Pen- 
insula, Madagascar and the Mascarene Islands, and which, 
consequently, neaily coincides with the Afiica of geo- 
gi aphei s ; 

“ 3 The 0 menial or Indian, which embiaccs India south 
of the Himalayas, Farthei India, Southern China, Sumatra, 
java, Ball, Borneo, and the Philippines; 

‘‘4. The AnHialian^ compiising the continent of Aus- 
tralia, with Papua or New Guinea, Celebes, Lombok, and 
the numcious islands of the Pacific; 

“5 The JVearclic, which embiaces Gieenland, and the 
greater poition of the continent of North America (excluding 
Mexico) ; 

“6. The Neoiiofical^ coiiesponding to the continent of 
South America, with Central America, the West Indies, and 
the greater portion of Mexico.” 

Professor Heilpnn makes se\eial modifications on this 
scheme of distribution: (^i) uniting Jkikeaictic and Neaictic 
in one Holaictic realm; (/») establishing a special Pol}- 
nesian lealm for the scattered island groups of the Pacific ; 
and (f) defining three tiansition regions — (i) around the 
Mediterranean, intermediate betivecn Pakearctic, Ethiopian, 
and Oriental, (2) l^ower California between Western Hoi- 
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arctic and Neotropical, and (3) the Austro-Malaysian Islands 
lying to the east of Bali and Borneo, inclusive of the 
Solomon Islands, a region intermediate between Oriental, 
Australian, and Polynesian It seems also convenient to 
recognise two Polar regions, — Arctic and Antarctic 

It may be useful to map out the divisions as follows - 

ARCTIC 

NeARCTK' PAL/EARCriC 

I HolaicUc I 
Tiansition Tiansition 

to to— Orikni'ai 

I I 

Tiansition to Polynesian 
I and to 

Polynesian — Neotropical Ethiopian Ausi kalian. 

ANTARCTIC 

Many authorities use the following arrangement — 

Notogea or Southern Wori d 

1 Australian Region, including three sub-iegions, — New Zealand, ^ 
Australian, and Papuasian or Austio-Malayan 
II Neotropical Region, including two sub-iegions,~ -South Anieiican 
and Antillean 01 West Indian 

Arctog ea or Northern World 
in Peiiaictic or TIolaictic Region, including two sub-iegions,— 
Palccaictic (Kuiasian and Mediterianean) and Neaidic 
(Canadian and Sonoran) 

IV. PaLvotropical Region, including two sub-iegions, — Afiican 
(Ethiopian and Malagasy) and Onciita] (Indian and 
Malayan). 



CHAPTER XXVIII 

THEORY OF EVOLUTION 

In Chapter VI. we indicated the nature of the evidence 
which has led iiatuialists to accept the doctiine of descent 
as a modal inteipretation of organic nature. The data of 
physiology and morphology, combined with what is known 
of the histoiy of the race and the development of the 
individual, have led us to believe that the forms of life now 
around us aie descended from simplei ancestois (except in 
cases of degeneration), and these from still simplei, and so 
on, back to the mist of life’s beginnings. In other words, 
we believe that the present is the child of the past and the 
paient of the future. This is the general idea of evolution. 

But while this general idea, which is a veiy giand one, is 
usually lecognised as the simplest interpietation of the 
facts, we remain in doubt as to the factors of the process by 
which the world of life has come to be what it is. This 
unceitamty is in part due to the complexity of the pioblcm, 
in part to the relative novelty of the inquiry — for precise 
letiology IS not yet fifty years old — m part also to the fact 
that, while there has been much theorising, there has been 
comparatively little experimenting or connected observation 
as to the modes and causes of evolution. 

With the exception of Dr. Alfred Russel Wallace and a 
few others, who believe that it is necessary to postulate 
spiritual influxes to account for ceitam obscure beginnings, 
e,g, of the higher human qualities, evolutionists are agieed 
in seeking to explain the evolution of plants and animals 
as a continuous “natural” process, the end of which was 
implicit in the beginning. In so doing, they follow the 
method of analysis, endeavouring to explain the facts in 
their lowest terms. But as the biologist’s lowest term is 
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living matter, and as one aspect of this is, in favourable 
conditions, known as thought, there is no reason to call 
the evolutionist’s analysis “materialistic”' — if anything 
opprobiious be meant by that adjective. The common 
denominatoi of the biologist is as inexpressibly marvellous 
as the philosophers gieatest common measure — if, indeed, 
the two are not piactically the same. 

Two great problems. — Our uncertainty m legard to the 
factors of evolution is so great that I cannot venture here 
to do more than indicate (c?) what the gieat problems are, 
and (/^) the general diift of the most impoitant suggestions 
which have been made towaids their solution. 

The two gieat problems befoie the evolutionist aie : — 

(1) What IS the natuie and origin of variations, i.e. of 

those organic changes which make an organism 
appreciably diffeient fiom its paients or its 
species^ 

(2) What are the directive factois which may operate 

upon given variations, determining their elimina- 
tion 01 their peisistence, and helping towaids the 
familial but puzzling result — the existence of 
distinct and relatively well-adapted species^ 

Secure answers to these two questions must be found m 
reference to the piesent; as our data accumulate, it will 
be more possible to argue back to the past. 

It may be convenient to speak of the factors which cause 
variation as primary or originative^ and of the factors which 
operate upon 01 direct the course of variation as secondary 
or directive. As fai as practical results are concerned, the 
tw^o sets of factois are of equal importance. 

Nature of variations. — We mean by variations those 
changes in organisms which make them appreciably 
different from their parents or from their species. 

The teim of course includes not only material differ- 
ences, but also those whose only demonstrable expression 
is psychical Thus an increase in maternal affection is as 
important and real a variation as the sharpening of a 
canine tooth. 

It may also be useful to distinguish variations in size, 
symmetry, number of appendages, and so on, from more 
qualitative variations in chemical composition, such as the 
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appeaiance of a new pigment j but this distinction is only 
a matter of convenience, as it is only a mattei of degree. 

Again, variations occur winch may be called confuiitous^ 
being meiely minute inciements or diminutions of certain 
parental 01 specific chaiacteis. These aie 1 elated to one 
another much in the same way as aio the successive stages 
in the continuous growth of an individual. 

But other vaiiations occui which descive to be called 
di^LOuiiniious. For, without the appeaiance of transitional 
stages, maiked vanations ciop up, leaching with apparent 
suddenness to what must be called new^ and may wilhal 
exhibit a measuie of peifectness. 

That both kinds of variations occui is a fact of life ; 
the possibility ol both is piobably a piiraaiy quality of 
organisms, but we aic only beginning to know the lelative 
frequency ol the two kinds and thcii lespective limits (see 
Bateson’s Matoials fo) iJie Siudv of Da/uif/oo, 1894, and 
Y)e Ynes's S/'eries' a/M rcrml/es, 1905) 

Primary or originative factors.- -What causes vaiiation^ 
This is the fundamental ciuestion, but it is the least 
answeiable. 

It IS, indeed, an axiom 01 a tiuism that changes in any 
animate system are evoked by changes in the largei system 
of which the organism foims a path In other words, the 
stu/iuliis to organic change must always be ultimately 
traceable to the enviionment , but this is implied in oui 
conception of living mattei, and does not help us to undei- 
stand the immediate conditions which lead to the change 

In the absence of sufficiently precise data, we can do 
little more than point out vaiious possibilities : — 

(a) Chants due io Enviionmeni — Entnron mental 
Modijicalwnd) 

There is abundant proof that changes in sunoundmg 
pressure, in the chemical composition of the medium, in 
food-supply, in heat, light, etc , may be followed by changes 
in the organism upon which these mf uences play. Changes 
in the body of the organism follow changes in the environ- 
ment. But (i) it IS difficult to disciinnnate between 
changes which may be spoken of as the direct results of 
envnonmental influence, and those to which the oiganism 
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was already definitely predisposed, and to which the 
enviionmental change supplied only the stimulus. (2) We 
have not at present sufficient data to enable us to state that 
changes arising in or acquired by the body of an individual 
organism as the lesult of surrounding change do as such 
in any degiee specifically affect the reproductive cells. In 
other words, we cannot at present say that “ environmental 
modifications” are transmissible. And if they are not, 
then impoi lance in evolution is only indiiect. 

(b) Changes due to Function ( = Functional Modifications) 

It IS an undoubted fact that the bodily structure of an 
animal may be changed by the increased use of certain 
parts, 01 the disuse of otheis, — in shoit, by some change of 
function, which may be directly prompted by some change 
in the external conditions of life. But important as these 
functional changes and their lesults are to the individual^ 
we are uncertain as to their importance for the laice^ for 
we do not know to what extent (if any) the results are 
tiansmissible. 

{c) Variations due to Changes in the Germ Cells 

In many cases of variation, particularly those which 
appeal m early life, it is not possible to suggest any 
environmental or functional condition which may be 
regarded as the stimulus 01 the cause. We are led in 
such cases to believe that the variation in bodily structuie 
or habit is the expression of some novelty in the proto- 
plasmic constitution of the germ cells. Then, hiding our 
Ignorance, we say that the variation is germinal, con- 
stitutional, congenital, or blastogenic. It seems to lead 
to clearness if we call these germinal changes and then- 
results variations^ keeping the term modifications for those 
changes [(i^) and (/^)] wrought upon the body as the result 
of environmental or functional influences. 

But why should there be changes in the geim cells? 
Perhaps because living matter is very complex and un- 
stable, and because it is of its very nature to differentiate 
and integrate and grow ; perhaps because the immediate 
environment of the germ cells (blood, body cavity fluid, 
sea-water, etc.) is complex and variable. Moreover, evciy 
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multicellular oigamsm, reproduced in the usual way, arises 
fiom an egg-cell fertilised by a speimatozoon, and the 
changes involved in and preparatory to this fertilisation, 
or ‘‘amphimixis,” may make new permutations and com- 
binations of living substances or vital qualities not only 
possible but necessary. 

Secondary or directive factors. — i. Naiunil Selection . — 
The distinctive contribution which Charles Dai win and 
Alfred Russel Wallace made to aetiology was their theoiy 
of Natural Selection, 

By natural selection is meant that process whereby, in 
the ordinaiy couise of nature, certain oiganisms, eg. certain 
members of the same species, are more or less rapidly 
and discriminately eliminated, while otheis aie allowed to 
sur\ ive. 

That some forms, e.g in one family, should succeed 
less well than others, depends obviously on the fact that 
all aie not born alike, — depends, in other words, on the 
fact of vaiiation. 

Tliat there should be elimination is necessary — ia) because 
a pair of animals usually produce many more than a pan, 
and the population tends to outiun the means of subsist- 
ence; and {h) because organisms aie at the best only 
relatively well adapted to their conditions of life, which are 
vaiiable 'riiese two primary facts and their subsequent 
conseiiLiences, e.g that some animals feed upon others, 
that theie may be moie males than females, etc, render 
some struggle for existence necessary, though this phrase 
must be used, as Darwin said, “m a wide and metaphorical 
sense,” including all endeavours for the well-being, not 
only of the individual, but of its offspring. 

The facts then aie — that variations constantly occur, that 
some members of a species or family are necessarily less 
fitly adapted than others, and that the course of nature is 
such that these relatively less fit forms will tend to be 
eliminated, while the relatively more fit will tend to suivivc 
As many variations reappear generation aftei generation, 
and may become gradually increased in amount, the con- 
tinuance of the selective or eliminating process will work 
towards the origin of new adaptations and new species. 

The importance of natural selection as a secondary 
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factoi in evolution will vary according to stringency of the 
eliminating pi ocess, and it must be noted that the “struggle 
for existence ” vanes in intensity within wide limits, that 
it requires to be investigated for each case, and cannot be 
postulated as a force of natuie. 

The importance of the factor will also depend on the 
number, nature, and limits of the vaiiations which occur. 
Thus a new species might arise, either by the occurrence of 
a discontinuous vaiiation of considerable magnitude, or by 
the eliminating process acting foi many genciations on a 
senes of minute continuous variations. 

Dai win also believed in the impoitance of sexual selection, 
in which the females choo-^e the moie attractive males, which, 
succeeding in leproduction bettei than theii neighbours, 
tend to transmit their ([ualities to their numeious male 
hens But this and other foims of reproductive selection 
may be legarded as special cases of natural selection. 

2 Isolation , — Undei this title, Romanes, Gulick, and 
others include the various ways in which free intercrossing 
is prevented between members of a species, c.g. by 
geographical separation, or by a leproducUve variation 
causing mutual sterility between two sections of a species 
living on a common area Without some “isolation” 
tending to limit the lange of mutual feitility within a 
species, or bringing similai variations to bleed together, a 
new vaiiation is liable, they say, to be “swamped” by 
intercrossing. But definite facts as to this “ swamping,” 
and m many cases as to the alleged “isolation,” aie hard to 
find, nor can we say that a strong variation will not peisist 
unless it be “isolated.” In fact, much evidence has been 
gathered in recent years which shows that certain kinds of 
variations are very strongly heritable and do anything but 
“blend.” Romanes^ view, how’^ever, was that “without 
isolation, 01 the prevention of free intercrossing, organic 
evolution is in no case possible. Isolation has been the 
universal condition of modification. Heredity and vana- 
bility being given, the whole theoiy of oiganic evolution 
becomes a theory of the causes and conditions which lead 
to isolation.” It must be admitted that some forms of 
isolation lead to inbreeding, and this to “prepotency,” 
which often implies the persistence of individual variations. 
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(Axiom 01 Tiuisiii.) 

Changes aie all ultimately due to the External Influences 
and the Natiue of the Oiganisin, i e of Protoplasm 


{Envn onuiejit ) 

Changes in the 
e n \ 1 1 o n m e n t a i e 
I followed by changes 
i in the oiganism, 

I eilhei — 01 [b) in 
1 {a) in its its geim 
I body, cells, 

! 01 (0 in {b) thiough 

(^) (^). 


{Ri'Mitt of [a] Ru- 
vuonmeiital Mod- 
fuaiiomT) 

Degicc of tians- 
missibility unknown 


[Orgamwii ) 

Gciminal \aiia- 
tions arising fiom 
the natuie of pro- 
toplasm, 01 fioni 
changes in the 
nutiitne emiion- 
ment of the gcim 
cells, or fiom the 
changes ncccssaiily 
associated w'lth fei- 
tilisation, may be j 
continuous or dis- 
continuous, quanti- 
tati\e 01 (piahtat- 
ive, etc. 

{Va} ia(iou\ ) 


{FiotLtwn,) 

Use and disuse of 
parts, or change of 
function (due to q 
change of enviion- n; 
ment oi to gei- 
minal change), are q 
followed by changes UJ 
in — (iz) the body of S 
the organism, or (b) § 
in the geim cells, 
cithei directly 01 (^) ^ 
thiough (a) 


{Rt'\ulf of [a] 

tional hlodfua- \ 
lions ”) I 


Tiansmissiblc 


Degree of tiansmis- 
sibility unknown 


I Such enviion- 
I mental in odiji cations, 
1 1 IF tiansmissible, and 
t) if the originating con- 
5:^ ditioiis persist foi 
^ some time, might 
> perhaps give rise to 
y new species, espcci- 
ally if favoiued by 
0, natural selection and 
X isolation. In the 
^ individual lifetime 
g they may serve to 
8 shield the incipient 
CO stages of vaiiations 
in a similai diicction 


Such \auations 
piobably supply the 
usual material for 
the oiigm of new 
species, for the 
establishment ol 
which, moi e 01 less 
natiual selection 
(elimination) and 
isolation must be 
necossai y , acco 1 ding 
to the natuie of the 
vaiiation 


Such functional j 
modifications, if i 
tiansmissible, and , 
if the oiigmating j 
conditions peisist'Q 
foi some time, might ' id 
peihaps give rise to 
new sjiecies, espe- ^ 
cially if favouiecli^ 
by natural selection 1x5 
and isolation. In ; q 
the individual life- ^ 
time they may sei ve 1 
to shield the in- | 
cipient stages of i 
valuations in a 
similai duection. i 
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